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North American Monogenetic Trematodes. 

X. The Family Axinidae* 

Emmett W. Price 

This paper represents a continuation of the series dealing with the North 
American monogenetic trematodes and of a general revision of the Monogenea. 
The purpose and organization of this installment are the same as for previous 
sections (Price, 1937, 193S, 1939a, 1939b, 1942, 1943a, 1943b, 1961a and 
1961b**. 

In the present paper the family Axinidae, proposed by Unnithan (1957), 
to include the genus Axine Abildgaard and related genera, some of which 
previously have been referred to the subfamily Axininae Monticelli or 
included in the subfamily Microcotylinae Monticelli of the family Micro- 
eotvlidae Taschenberg, is recognized. 

The writer is convinced that certain characters, namely, the shape of the 
opisthohaptor, persistence of opisthohaptoral anchors or hooks, and shape 
of ovary are so distinctive of the helminths in question that they comprise 
a family group coordinate with those of the Microcotylidae. The wing-like 
opisthohaptor, bearing two rows of clamps placed end to end and separated 
by an anchorbearing lobe or languette—in effect forming a straight angle— 
is distinctive. The persistence in the adult worms of anchors of a characteristic 
larval type (see Euzet, 1955, 1957, and Bychowsky, 1957) is also distinctive. 
The two characters mentioned are correlated with the shape of the ovary, 
which in the axinid genera is more or less U-shaped, with both proximal and 
distal limbs directed anteriad; in the microcotylid genera the ovary has both 
proximal and distal limbs directed posteriad. For these and other reasons, 
which will be discussed more fully in a future paper, the recognition of the 
family Axinidae appears justified. 

Axinidae Unnithan, 1957 

Diagnosis: Body usually elongate, flattened dorsoventrally, with posterior 
end more or less truncate. Prohaptors a pair of aseptate suckers, usually 
provided with minute rounded papillae or denticles forming a more or less 
definite pattern, opening into oral cavity. Opisthohaptor a frill bearing 
microcotylid clamps along truncate posterior end of body; clamps, in two 
rows or forming a straight angle, rows separated by minute hook-bearing 
languette, representing morphological posterior end, and located roughly at 
a point corresponding to distal end of an imaginary line drawn through long 
axis of body; opisthohaptoral hooks or anchors of two dissimilar pairs—those 
of outer pair lunate with slender dorsal roots, those of inner pair with lunate 
tips articulating with long slender shafts. Genital atrium and/or cirrus 
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armed or unarmed. Testes follicular, postovarial. Ovary U-shaped or ./- 
shaped, with proximal and distal limbs directed anteriad. Vagina single; 
aperture dorsal, either lateral, submedian or median, usually provided with 
horn-like spine, or, rarely, with incomplete row of curved spines. Genito- 
intestinal canal present. Vitellaria as in other mierocotyloids. 

Type genus: Axine Abildgaard, 1794. 

This family may be divided into three subfamilies, largely on the basis 
of the character of the opisthohaptor and terminal genitalia. 

Key to subfamilies of Axinidae 

1. Opisthohaptoral clamps few, in 2 equal rows separated by anchorbearing 

languette___Indocotylinae Tripathi 

Opisthohaptoral clamps numerous, in 2 unequal rows separated usually, 
if not always, by anchorbearing languette _ _ _ 2 

2. Genital atrium armed with 3 groups spines; cirrus armed _ . 

.......__*_____ Axininae Monticelli 

Genital atrium usually unarmed, when armed spines not in groups as 
above; cirrus usually armed _ —Axinoidinae n. sf. 

Subfamily Axininae Monticelli, 1903 

Diagnosis: Opisthohaptoral clamps numerous, in unequal rows separated 
by anchor bearing languette. Genital atrium armed with 3 groups of spines, 
2 lateral and 1 median, situated on pad-like structures; cirrus armed with 
circle of relatively strong pointed spines. Vaginal aperture dorsal, near 
lateral margin, armed with horn-like spine. Other characters as for family. 

Type genus: Axine Abildgaard, 1794. 

Key to genera of Axininae 

1. Median spines of genital atrium in single, usually incomplete, row in distal 

portion of atrium _ Axine Abildgaard 

Median spines of genital atrium in 2 or 3 complete or incomplete rows, 
in anterior portion of atrium _ 2 

2. Median spines of genital atrium in 2 or 3 horseshoe-shaped rows _ 

_ Heteraxinoides Yamaguti 

Median spines of genital atrium in 2 complete rows -- 

_ Unnithanaxine n.g. 


Genus Axine Abildgaard, 1794 

Synonyms: Heteracanthus Diesing, 1836; Cestracolpa Meserve, 1938. 

Diagnosis: Spines of genital atrium in 3 groups, 1 group on each side of 
anterior portion of atrium and third, usually an incomplete circle, towards 
distal portion of atrium. Cirrus armed with circle of spines. Other charac¬ 
ters as for subfamily. 

Type Species: Axine belones Abildgaard, 1794, from Belone acus. 

Included Species: Axine cypseluri (Meserve, 1938) Price, 1946 (syn. 
Cestracolpa cypseluri Meserve, 1938), from Cypselurus callopterus; A. hemi- 
ramphae Unnithan, 1957, from Hemiramphus xanthopterus; A. japonicum 
Price, 1946 (syn. A. (Axine) cypseluri Yamaguti, 1940, not Meserve, 1938), 
from Cypselurus agoo; A. hyporamphi n.sp., from Hyporamphus sp.; A. 
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tnglae Beneden and Hesse, 1863 (sp. inq.)t from Trigla hirundo; A tripathii 
n.n. (syn. A. hemirhamphae Tripathi, 1959, not A. hemiramphae Unnithan, 
1957), from Hemirhamphus georgii (sic) ; and A. yamagutii (Meserve, 1938) 
Price, 1946 (syn. Cestracolpa yamagutii Meserve, 1938), from “unidentified 
flying fish.” 

Of the above species, only Axine hyporamphi and A. yamagutii have been 
collected from North American localities. Since the writer has available to him 
specimens of A. cypseluri and A. bclones , the latter donated by Hon. Miriam 
Rothschild, Peterborough, England, to whom thanks are hereby extended, 
descriptive notes and figures of these forms are included for comparison. 

Axine bclones Abildgaard, 1794 (Figures 1, 14, 26, 38, 50) 

Synonyms: Heteracanthus pedatus Diesing, 1836; H. sagittatus Diesing, 
1836; Axine orphii Beneden and Hesse, 1863; A. platyura Creplin, 1838. 

Description : Body trumpet-shaped, 4.4 to 8 mm long, tapering gradually 
from anterior end to opisthohaptor which is about 1.7 mm wide and directed 
to left. Prohaptoral suckers almost circular, about 0.057 mm in diameter, 
provided with minute, blunt, tooth-like structures arranged as in Fig. 26. 
Opisthohaptor consisting of a frill along posterior end of body bearing 60 
to 65 microcotyloid clamps, 0.095 to 0.115 mm wide, and a minute lobe 
bearing 2 pairs of anchors. Anchorbearing lobe, representing morphological 
posterior end, situated about 25 to 27 clamp widths from right end of 
opisthohaptor. Anchors typically axinoid; lateral anchors 0.040 mm long, 
with lunate blades and slender dorsal roots, and inner anchors about 0.050 
mm long, with small lunate blades articulating with long slender shafts. 
Pharynx oval, 0.030 mm long by 0.020 mm wide; esophagus slender, bifur¬ 
cating about midway between levels of genital and vaginal apertures; intesti¬ 
nal branches with short median and longer lateral diverticula, extending into 
opisthohaptoral area, with right limb longer than left. Genital aperture 
median, about 0.6 mm from anterior end. Genital atrium armed with 3 
groups of spines, a posterior incomplete circle of about 20 elements, each 
about 0.020 mm long, and a group of about 12 spines, about 0.020 mm long, 
on each side at level of anterior end of cirrus. Cirrus armed with corona of 
about 10 spines, each about 0.015 mm long. Testes about 60 in number, 
postovarial. Ovary J-shaped, immediately prestestieular. Ootype fusiform, 
immediately anterior to cephalic end of ovary. Seminal receptacle present. 
Genito-intestinal canal opening into right intestinal limb immediately pos¬ 
terior to level of right vitelline duct. Vagina muscular, lined with heavy 
cuticula hearing prominent papilliform projections; vaginal aperture dorso¬ 
lateral, situated on right side a short distance posterior to level of esophageal 
bifurcation; vaginal spine horn-like, about 0.05 mm long by 0.02 mm wide at 
base. Vitellaria extending from level of vaginal aperture into haptoral region. 
No eggs present. 

Host: Belone acus. 

Location : Gills. 

Distribution : Europe. 

Specimens: U.S.N.M. Helm. Coll. Nos. 37726, and 37727, collected Septem¬ 
ber 30, 1932 (1 specimen) and December 10, 1933 (2 specimens), respectively, 
at Plymouth, England, by Hon. Miriam Rothschild. 


M.n'nf triplet t Beneden and Hesse is regarded by Dawes (1947) as a synonym of 
JL. btlones and it is possible that his conclusion may be correct. However, since this inade¬ 
quately described species is from a fish host belonging to a different family than that of 
A. helones, it should be regarded as a species inquiretuieum until a restudy of material from 
the type host is possible. 
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The above description agrees very closely with that given by Lorenz (1878) 
except that the opisthohaptoral hooks or anchors were not. observed. The 
presence of these anchors in Axine belones was first reported by the writer 
(Price, 1946) and, independently, later n the same year by Sproston (1946). 
The latter author, however, appears to have overlooked the slender inner pair, 
since she showed only one pair in her Lustration. Furthermore, it appears 
from the measurements given of these hooks that she failed to observe their 
slender dorsal roots. 

Axine cypseliiri (Meserve, 1938) Price 1946 (Figures 2, 15, 27, 39, 51) 

Synonym: Cestracolpa cypseluri Meserve, 1938. 

Description: The description given by Meserve (1938), except for the 
presence of an armed condition of the prohaptoral suckers and opisthohaptor¬ 
al anchors, is adequate and need not be repeated here. The prohaptoral 
suckers are armed around the margin with minute tooth-like structures as 
shown in Fig. 27. The opisthohaptoral anchors, consisting of 2 pairs of 
hooks, similar to those described for A. belones, are located on a minute lobe 
or languette between the 18th and 19th clamps from the right end of the 
haptor. The outer anchors are 0.043 mm long and the inner 0.060 mm long. 

Host: Cypselurus callopterus. 

Location : Gills. 

Distribution : Galapagos Islands. 

Specimen: U.S.N.M. Helm. Coll. No. 9165 (holotype). 

Sproston (1946) was quite emphatic in her belief that Axine cypseluri 
(Meserve) and A. cypseluri Yamaguti {—A. japonicum Price) were iden¬ 
tical. There is a possibility that this may be true, since there are strong 
similarities in the genital armament and in the presence of an oval, lamellar 
nodule in the vaginal wall. On the other hand there are differences in the 
number of opisthohaptoral clamps (41 in cypseluri and 65-68 in japonicum) 
in the number of testes (about 60 in cypseluri and about 30 in japoninm,) 
and in hosts which suggest that the two species should be regarded as distinct 
until more evidence to the contrary is available. Yamaguti, in personal 
conversation, completely rejected Sproston’s conclusion. 

Axine hyporamphi new species (Figures 3, 16, 28, 40, 52) 

Description : Prehaptoral portion of body lanceolate, opisthohaptoral 
portion wing-like; overall length 2.6 mm, width in testicular region 0.034 mm 
and of opisthohaptor 1.36 mm. Prohaptoral suckers about 0.040 mm in 
diameter, without denticles. Opisthohaptoral clamps 46 in number and about 
0.050 mm wide; terminal lobe located between 21st and 22nd clamps, counting 
from most distal end. Anchors of typical Axine shape; those of outer pair 
0.036 mm long, with strong lunate hooks and slender dorsal roots, and those 
of inner pair 0.040 mm long, with small lunate hooks articulating with slender 
shafts. Oral aperture subterminal; esophagus slender, bifurcating at or near 
level of genital atrium; remainder of digestive tract apparently similar to 
that of other species. Genital aperture about 0.3 mm from anterior end. 
Genital atrium armed with 3 groups of spines as in other species of Axine s. 
sir.; lateral groups with 12 spines each, 0.010 mm long, arising from pad-like 
structures, distal spines 14 in number, about 0.012 mm long, in an incomplete 
circle. Spines of cirrus corona 12 in number, about 0.007 mm long. Testes 
relatively few, about 17, postovarial, not extending into haptoral area. Ovary 
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U-shaped, in equatorial zone. Vagina muscular, with relatively thick cuticular 
lining but without obvious papillae or spines; aperture dorsomarginal, about 
0.5 mm from anterior end, armed with horn-like spine 0.036 mm long by 
0.018 mm wide at base. Vitellaria distributed as in other species; remainder 
of female system not clearly distinguishable. No eggs present. 



1. Axinc beloncs, ventral view; 2. A. cypscluri, dorsal view; 3. A. hyporamphi, 
anterior portion in ventral view, haptor in dorsal view; 4. A. yamagutii, dorsal 
view; 5. Hctcraxinoidcs inada, ventral view. 
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Host: Hyporampints sp. The label on slide gives the host as Hyporhamphus 
(sic) brasiliensis. However, according to Jordan, Evermann, and Clark 
(1930) the range of this fish does not extend as far north as Massachusetts 
and for that reason the accuracy of the host identification is questioned. 

Location : Gills. 

Distribution: United States (Woods Hole, Massachusetts). 

Specimen: U.S.N.M. Helm. Coll. No. 36550 (holotype), collected August 
11, 1915, by G. A. MacCallum. 

This species is based on a single, somewhat distorted specimen. It re¬ 
sembles most closely Axine hemirhamphae Tripath' (1959) from India. It 
differs, however, in number of opisthohaptoral clamps, posterior extent of 
testes, number and arrangement of genital spines, and host. 

Axine yumagutii (Meserve, 1938) Price, 1946 (Figures 4, 17, 29, 41, 53) 

Synonym : Cestracolpa yamagutii Meserve, 1938. 

Description : Except for relatively minor details, the description given by 
Meserve (1938) is adequate and a detailed redescription is unnecessary. As in 
the preceding species, the prohaptoral suckers are armed with minute tooth¬ 
like structures (Fig. 29). The opisthohaptoral clamps differ from those of all 
other species in having 12 more or less vertical ribs in each clamp wall. 
Opisthohaptoral anchors were overlooked by Meserve. They occur on a minute 
languette located between the 30th and 31st clamps, counting from left or 
most distal point of the haptor. The outer hooks or anchors are about 0.030 
mm and the inner 0.040 mm, respectively. The number of testes in the holo¬ 
type specimen appears much greater than the 52 given by Meserve. It is 
possible that the greater number may be more apparent than real, as it is 
difficult to distinguish in the material available between testes and lobes of a 
testis. 

Host: “Unidentified flying fish.” 

Location : Gills. 

Distribution: Mexico (Clarion Island, and open sea off coast). 

Specimen :U.S.N.M. Helm. Coll. No. 9164 (holotype). 

This species is easily distinguished from other axines by the peculiar, ribbed 
opisthohaptoral clamps and in the genital spination. 

Genus Hetcraxinoide. s Yamaguti, 1943 

Synonym: Axine (Heteraxinoide^) Yamaguti (1943). 

Diagnosis : Spines of genital atrium consisting of 2 lateral groups, ar¬ 
ranged in 3 indistinct rows, each on an elongate pad, and an anterior group 
of 3 indistinct rows on a horseshoe-shaped pad. Other characters as for 
subfamily. 

Type species: Heteraxinnidea inada (Ishii and Sawada, 1938) Yamaguti, 
1943. 

IIetera.rinoides inada, so far the only species of the genus, is not known to 
occur on hosts inhabiting North American waters. However, since a specimen 
is available through the courtesy of Prof. T. Sawada, to whom appreciation 
is here expressed, and inasmuch as there are some differences between this 
specimen and the original account, a redescription follows: 

Heteraxinoides inada (Ishii and Sawada, 1938) Yamaguti, 1943 (Figures 

5, 18, 30, 42, 54) 

Synonyms: Axine inada Ishii and Sawada, 1938; Axine ( Heteraxinoides) 
inada (Ishii and Sawada, 1938) Yamaguti, 1943. 
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6. Axnoidcs meservci, dorsal view; 7. A. oceanicum, ventral view of holotype; 
8. A. oceanicum, posterior end of paratype; 9. A. raphidoma, ventral view; 10. A . 
strongylurae, a. ventral view of holotype, b. liaptor of paratype; 11. Nudaciraxine 
gracilis, ventral view of holotype; 12. Chlamydaxinc resplcndcns, ventral view; 
13. C. truncatus, ventral view. 
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Description : Body lanceolate, flattened, 8 mm long by 1.7 mm wide in 
mid-region, expanded posteriorly to form opisthohaptor 2.5 mm wide. Pre- 
vaginal portion of body attenuated, with transversely striated cuticle. Pro- 
haptoral suckers oval, 0.095 mm long by 0.075 mm wide, provided with 
minute, tooth-like prominences distributed as shown in Fig. 30. Opisthohaptor 
consisting of a frill along wide posterior end, bearing about 95 clamps of 
microcotyle-type, about 0.075 to 0.170 mm wide, and with a minute languette 
provided with 2 pairs of dissimilar, axine-type anchors located about 1 mm 
from left or most distal part of haptor; outer anchors about 0.045 mm long, 
inner 0.055 mm long. Pharynx piriform, 0.057 mm long by 0.035 mm wide; 
esophagus slender, bifurcating distal to genital atrium; remainder of digestive 
tract apparently similar to that of other axinids. Genital atrium about 0.9 
mm from anterior end of body, provided with 3 groups of spines situated on 
pad-like structures; lateral groups of 30 to 33 spines, each about 0.020 mm 
long; anterior group of about 50 spines, each about 0.020 mm long, arranged 
in 3 indistinct rows on horseshoe-shaped pad. Cirrus armed with corona of 
9 spines, each 0.020 mm long. Testes about 55 in number, postovarial. Ovary 
U-shaped, in median field, immediately pretesticular; seminal receptacle 
present, a short distance in front of origin of oviduct; genitointestinal canal 
opening into right intestinal limb near level of anterior end of seminal 
receptacle; ootype oval, to left of anterior pole of ovary; vitelline reservoir 
Y-shaped, branching about midway between anterior end of ovary and 
posterior end of thickened portion of vagina. Vagina muscular, lumen of 
distal portion lined with small spines; vaginal aperture dorsal, near right 
body margin and about 1.5 mm from anterior end; vaginal spine horn-shaped, 
about 0.065 mm long by 0.035 mm wide at base. Vitellaria almost filling body 
width from level of vaginal aperture to opisthohaptoral region. No eggs 
present. 

Host: Seriola quinqueradiata ( = Tylosurus quinqueradiata ). 

Location : Gills. 

Distribution : Japan. 

Specimen: U.S.N.M. Helm. Coll. No. 37728 (paratype). 

The outstanding differences between the description given by Ishii and 
Sawada (1938) and the specimen described herein are in the position of the 
female organs and in the location of some of the opisthohaptoral clamps. 
According to the authors mentioned, also shown in their illustration of the 
species, the ovary and vaginal opening are on the left side of the body while 
in the specimen studied they are on the right side. The opisthohaptoral 
clamps are arranged in a single row along the free edge of the haptor and 
none along the right margin as stated in the original description, this 
arrangement apparently due to a folding over of that portion of the haptor. 
Furthermore, as in the case of many species, the opisthohaptoral anchors 
were overlooked. 


Unnithanaxine new genus 

Diagnosis : Spines of genital atrium consisting of two lateral groups and 
an anterior group of 2 complete rows surrounding genital aperture. Other 
characters as for subfamily. 

Type species: Unnithanaxine parawa (Unnithan, 1957) n. comb. 

The type of this genus was described as Axine parawa by Unnithan (1957) 
from the gills of a flying fish, Cypselurus bahiensis, at Trivandrum, South 
India. The distinctive feature of this species is the arrangement of the atrial 
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spines, the median group of which consists of two complete rows surrounding 
the genital aperture. In this respect it occupies a position intermediate be¬ 
tween the species of Axine s. str. and Heteraxinoid.es. 

AXINOIDINAE new subfamily 

Diagnosis : Opisthohaptoral clamps numerous, in unequal rows separated 
by anchor bearing languette. Genital atrium usually unarmed; cirrus usually 
armed with one to several rows of spines. Vaginal aperture either dorso- 
medial or dorsolateral, armed with horn-like spine or, rarely, with an in¬ 
complete row of incurved spines. Other characters as for family. 

Type genus: Axinoides Yamaguti, 1938. 



14-24. Genital armament: 14. A. bclones; 15. A. cypseluri; 16. A. hyporamphi; 
17. A. yamagutii; 18. Hater axinoides inada; 19. Axino-ides meservei; 20. A. 
oceanicum; 21. A. raphidoma; 22. A. strongylurae; 23. Nudaciraxine gracilis; 
24. Chlamydaxine resplendens; 25. C. truncatus. 
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Key to Genera of Axinoidinae 

1. Vaginal aperture dorsolateral, armed with incomplete row of incurved 

spines -------- Neoaxine Price 

aginal aperture usually dorsal and median, sometimes sublateral, armed 
with single horn-like spine____.____ 2 

2. Cirrus and genital atrium unarmed.... Nudaciraxine n.g. 

Cirrus armed; genital atrium usually unarmed _____ 3 


3. Vaginal aperture dorsomedian; genital atrium unarmed -Axinoides Yama- 
guti 

Vaginal aperture dorsal and sublateral, genital atrium armed or unarmed 
.......... ... .,.4 

4. Body triangular; genital atrium unarmed ... Chlamydaxine Unnithan 


Body elongate; genital atrium armed or unarmed .... 5 

-5. Genital atrium unarmed ......... Loxura Unnithan 

Genital atrium armed ______ Loxuroides n.g. 


Genus Axinoides Yamaguti, 1938 

Synonym: Axine (Axinoides ) Yamaguti, 1938. 

Diagnosis: Genital atrium unarmed; cirrus armed. Vaginal aperture dorsal, 
in median field, armed with horn-like spine. Other characters as for subfamily. 

Type species : Axinoides tylosuri Yamaguti, 1938. 

Axinoides was proposed as a subgenus of Axine by Yamaguti (1938) and 
elevated to full generic status by Price (1946) and, independently, by 
Sproston later in the same year. The validity of this action, based largely on 
the position of the vaginal aperture, has been questioned by Hargis (1956, 
1959). His objection was based for the most part on the apparent variation 
in the position of the vaginal aperture of A. gracilis (Linton) which was 
then included in Axinoides. A new genus is proposed later on in this paper to 
include A. gracilis and the validity of Axinoides is retained herein. 

The species that may be included in Axinoides as presently conceived are 
as follows: Axinoides aberrans (Goto, 1864) Price, 1946, from Tylosurus 
schismatorhynchus; A. kola Unnithan, 1957, from Ailennus Mans; A. meservei 
Price, 1946 (syn. A. aberrans Goto, of Meserve, 1938) from Tylosurus 
fodiator; A. oceanicum (Caballero, Bravo-Hollis and Groeott, 1953) n. comb., 
from T. fodiator; A. raphidoma Hargis, 1956, from T. raphidoma; A. 
sebastisci Yamaguti, 1958, from Sebastiscvs marmoratus; A. strongulurae 
n. sp., from Strongylwra marina; and A. tylosuri. Yamaguti, 1938 (type), from 
Tylosurus schismatorhynchus. 

Axinoides meservei Price, 1946 (Figures 6, 19, 31, 43, 55) 

Synonym : Axine aberrans Goto 1894, of Meserve, 1938. 

Description : Body 2 to 2.3 mm long by 1.1 mm wide in ovarian region. 
Prohaptoral suckers almost circular, 0.045 mm long by 0.038 mm wide, armed 
with minute denticles as shown in Fig. 31. Opisthohaptor 1.2 mm wide, pro¬ 
vided with 41 clamps, about 0.040 mm wide, and armed with anchors of Axine 
type, one outer anchor between 7th and 8th clamps—counting from left— 
and other between 12th and 13th clamps; only one inner anchor observed, 
located near right outer anchor; outer anchors about 0.033 mm long and inner 
anchor about 0.040 mm long. Pharynx oval, about 0.036 by 0.025 mm; esopha¬ 
gus bifurcating posterior to genital atrium; remainder of digestive tract 
apparently similar to that of other axines. Genital aperture about 0.2 mm 
from anterior end; genital atrium unarmed. Cirrus armed with a corona of 
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3 or 4 alternating rows of slender spines about 0.010 mm long. Testes 
numerous, postovarial, occupying greater part of interintestinal field. Ovary 
U-shaped, equatorial in position. Seminal receptacle small, almost immediate¬ 
ly anterior to distal pole of ovary. Genito-intestinal canal opening into right 
intestinal branch a short distance anterior to seminal receptacle. Vaginal 
aperture dorsal, median, about 0.28 mm distal to genital aperture, armed with 
horn-like spine; vaginal atrium provided with short lancet-like spines. Vitel- 
laria extending from level of vaginal aperture to opisthohaptoral region. Eggs 
not present in specimens available. 

Host: Tylosurus fodiator. 

Location : Gills. 

Distribution: South America (Port Utria, Columbia). 

Specimens: U.S.N.M. Helm. Coll. Nos. 37720 (holotype) and 37721 (para- 
type), donated by Dr. P. G. Meserve to whom appreciation is hereby 
expressed. 

This species was reported as Axine abcrrans Goto by Meserve (1938) from 
specimens collected by Dr. II. W. Manter while a member of the 1934 Allen 
Hancock Expedition to the Galapagos Islands. Beyond giving the length as 
1.7 to 2.3 mm long and a reasonably goot; illustration, the specimens were not 
described. Largely on the basis of size and host differences, the writer (Price,. 
1946) renamed the species Axinoides meservei. 

While there is a remote possibility that A. meservei may be the same as 
A. abcrrans this cannot be determined with any degree of certainty until a 



26-37. Prohnptorul suckers, (stippling indicates distribution of denticles) : 
26. Axinc belones; 27. A. cypscluri; 28. A. hyporamplii; 29. A. yamagvtii; 30. 
Jleteraxinoidcs inada; 31. Axinoides meservei; 32. A. occanicum; 33. A. raphi- 
doma; 34. A. strongylurae ; 35. Nudaciraxinc gracilis; 36. Chlamydaxine rcsplcn- 
dnis; 37. C. truncates. 
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restudy of the latter species can be made. Goto’s (1894) description and 
figure of A. aberrans are probably as good as might be expected from the 
limited number and condition of the specimens available. There is needed 
more detailed information on the genital and vaginal spination, number and 
structure of the opisthohaptoral clamps, as well as the shape and size of the 
opisthohaptoral anchors—so far unknown for any of the species described 
from Tylosurus schismatorhynchus. One morphological detail between Goto’s 
and Meservo’s specimens, which may be significant, is the anterior extent of 
the vitellaria. In A. aberrans these glands extend to about midway between 
the vaginal and genital apertures whereas in A. meservei they extend to about 
the level of the vaginal aperture. 

Axinoides kola Unnithan, which was obtained from the gills of Ailennus 
Mans at Trivandrum, South India, resembles A. meservei in body form and in 
most other respects. However, it is a much larger species, the cirrus spines 
are in a single row, and its occurrence on a host belonging to a different 
genus than that on which A. meservei was found suggest that it should be 
regarded as distinct until more information is available. 

Axinoides raphidoma Hargis, 1956 (Figures 9, 21, 33, 45, 57) 

Description : Except for the papillate condition of the prohaptoral suckers 
and the spination of the cirrus, the description as given by Hargis (1956) 
is accurate and need not be repeated here. The interior of the prohaptoral 
suckers is provided with numerous, minute papilliform projections distributed 
as shown in Fig. 33. The cirrus was described by Hargis ( loc. cit.) as 
“muscular, eversible and protrusible, 0.070 long by 0.034 wide bearing 
muscular papillae in anterior end of lumen which point outwardly when cirrus 
is everted.” Actually, the “muscular papillae” are the tips of slender spines 
—about 0.005 to 0.008 mm long—of which there are several rows. 

Host: Tylosurus raphidoma. 

Location : Gills. 

Distribution: United States (Alligator Harbor, Florida). 

Specimen: U.S.N.M. Helm. Coll. No. 38156 (holotype). 

The holotype specimen is somewhat mutilated in the opisthohaptoral region 
and the number of clamps may have been somewhat greater than the 17 
present. Furthermore, the specimen is not well stained differentially and the 
details of the soft structures are not too well brought out. 

Axinoides strongylnrae new species (Figures 10, 22, 34, 46, 58) 

Description : Body slender, 2.4 mm long by 0.2 mm wide in ovarian region, 
and with shoulder-like expansions slightly anterior to level of genital aperture. 
Prohaptoral suckers 0.020 by 0.015 mm, armed with minute denticle-like 
papillae around aperture and in cavity of suckers (Fig. 34). Opisthohaptor 
with 34 clamps, 0.030 to 0.050 mm wide, and with anchor-bearing languette 
between 12th and 13th clamps, counting from right side. Anchors of typical 
A vine shape, both outer and nner pairs about 0.030 mm long. Pharynx oval, 
0.020 by 0.015 mm; remainder of digestive tract apparently as in other 
axinids. Genital aperture about 0.2 mm from anterior end; genital atrium 
unarmed. Cirrus armed with several rows of straight spines about 0.010 mm 
long. Testes about 20 in number, postovarial, in median field. Ovary U-shaped, 
in equatorial zone. Vaginal aperture dorsal, median, about 0.2 mm from 
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genital aperture, armed with horn-like spine; vagina armed with small conical 
spines. Vitellaria extending from about 0.1 mm posterior to level of vaginal 
aperture into haptoral region. Eggs not present in specimens available. 

Host: Strongylvra marina. 

Location : Gills. 

Distribution: United States (New York Aquarium). 

Specimens: U.S.N.M. Helm. Coll. No. 37722 (holotype and paratype) 



38-61. Opisthohaptoral clamps and anchors. 38-49. Clamps: 38. Axine b clone s ; 
39. A. cypseluri; 40. A. hyporamphi ; 41. A. yamagutii; 42. Heteraxinoid.es inada; 
43. Axinoides meservei; 44. A. oceanicum; 45. A. raphidoma; 46. A. strongylurae; 
47. Nudaciraxine gracilis; 48. Chlamydaxinc resplendens; 49. C. truncatus; 50-61. 
Anchors: 50. Axine belones; 51. A. cypsehtri; 52. A. hyporamphi; 53. A. yama¬ 
gutii; 54. Heteraxinoides inada; 55. Axinoides meservei; 56. A. oceanicum; 57. A. 
raphidoma; 58. A. strongylurae; 59. Nudaciraxine gracilis; 60. Chlamydaxine 
resplendens; 61. C. truncatus. 
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collected May 5, 1916 by G. A. MaeCallum. 

In many respects A. strongylurae resembles A. raphidoma. Aside from 
host, there are differences in the framework of the opisthohaptoral clamps 
as well as in their number. The most outstanding character is in the shoulder¬ 
like expansions of the forebody, assuming that they are not artifacts 
produced by injury during collection. 

Axinoides oceanicum (Caballero, Bravo-Hollis and Grocott, 1954) new comb. 

(Figures 8, 20, 32, 44, 56) 

Synonym: Mieroeotyle oceanicum Caballero, Bravo-Hollis and Grocott, 
1953. 

Description : Body slender, 3.3 to 3.5 mm long, more or less uniform in 
width except in anterior portion which is gradually attenuated. Prohaptoral 
suckers 0.048 by 0.036 mm, armed with minute, tooth-like papillae distributed 
as shown in Fig. 32. Opisthohaptor of typical shape (folded in holotype) 
bearing 36 clamps about 0.1 mm wide, and 2 pairs of anchors located 12 to 15 
clamp spaces from right side; outer anchors 0.030 to 0.032 mm long, inner 
0.054 mm long. Pharynx about 0.023 by 0.016 mm; esophagus bifurcating at 
level of genital aperture; remainder of digestive tract similar to that of other 
axinids. Genital aperture about 0.490 mm from anterior end of body in 
holotype; genital atrium unarmed. Cirrus armed with 2 or 3 alternating rows 
of spines about 0.012 mm long. Testis numerous (more than 50), postovarial. 
Ovary somewhat d-shaped, with proximal limb twisted. Seminal vesicle, 
genito-intestinal canal, and vitelline duct complex similar to that in A.cine 
beloncs. Vaginal aperture dorsal, median, about 0.290 min from genital 
aperture, armed with horn-like spine; vagina provided with tubercle-like 
spines. Vitellaria extending from a short distance distal to level of vaginal 
aperture to opisthohaptoral region. Eggs not present in specimens available. 

Host: Tylosurim fodiator. 

Location : Gills. 

Distribution: Panama (Fuerte Amador, Canal Zone). 

Specimens: Coll. Helm. Inst. Biol. (Mexico) No. 25-13. 

The description by Caballero, Bravo-Hollis and Grocott (1953) of this 
species, under the name of Mieroeotyle oceanicum, is very complete except 
for certain details. The presence of opisthohaptoral anchors was overlooked; 
this together with ovarian shape and presence of an armed, median vaginal 
aperture are sufficient to place it in the genus Axinoides. The above brief 
description was made possible through the courtesy of Dr. Eduardo Caballero 
y C. who graciously loaned the type specimens to the writer. 

Genus Neoa.cine Price, 1946 

Synonym: Amona.rine Unnithan, 1957. 

Diagnosis: Genital atrium unarmed; cirrus armed. Vaginal aperture 
dorsolateral, armed with incomplete circle of curved spines. Other characters 
as for subfamily. 

Type species: Neoa.cine constricta (Yamaguti, 1938) Price, 946. (Svn. 
Amona.rine constricta (Yamaguti, 1938) Unnithan, 1957). 

This genus was proposed by Price (1946) to include A.rine {A.cine) 
constricta which was described by Yamaguti (1938) from the gills of Tylosttr- 
us schismatorhynchus from Japan. This species is typically axinoid in mor¬ 
phology except for the apparent absence of opisthohaptoral anchors. A 
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careful reexamination of the original specimens would no doubt reveal their 
presence, since they have been found in all species of the family whenever a 
search has been made for them. 


Nudaciraxine new genus 

Diagnosis : Genital atrium and cirrus unarmed. Vaginal aperture dorsal, 
about midway between median line and body margin, armed with horn-like 
spine. Other characters as for subfamily. 

Type species: Nudaciraxine gracilis (Linton, 1940) n. comb. 

At present, this genus contains only the type species which is redescribed 
as follows: 

Nudaciraxine gracilis (Linton, 1940) new comb. Figures 11, 23, 35, 47, 59) 

Synonyms: Axine gracilis Linton, 1940; Axinoides gracilis (Linton, 1940) 
Sproston, 1946. 

Description : Body elongate, 1.9 to 5.1 mm long by 0.2 to 0.5 mm wide in 
region of ovary; anterior end bifid, attenuated, with 4 groups of cervical 
glands. Prohaptoral suckers oval, 0.038 to 0.047 mm long by 0.028 to 0.038 
mm wide, with a band of minute denticle-like papillae around opening and 
with a band of similar papillae extending toward base of suckers (Fig. 35). 
Opisthohaptor wing-like, 0.7 to 1.6 mm wide, provided with 42 to 82 clamps, 
about 0.075 to 0.100 mm wide, arranged in a single row along margin; lateral 
sclerites of clamps slender and broken. Opisthohaptoral anchors present, 
typically axinid, their position indicated by indentation of haptoral border; 
outer anchors 0.032 to 0.038 mm long, inner 0.044 to 0.047 mm long. Pharynx 
oval about 0.038 mm long by 0.028 nun wide; esophagus bifurcating at or 
slightly anterior to genital aperture; remainder of digestive tract similar 
to that of other axinids. Genital aperture 0.3 to 0.6 mm from anterior end of 
body; genital atrium unarmed but provided with transverse ridges or striae. 
Cirrus unarmed. Testes oval, 20 to 22 in number, tandem, postovarial. Ovary 
J-shaped, about one-third of body length from anterior end; seminal re¬ 
ceptacle present, immediately cephalad of right pole of ovary; genitointestinal 
canal present, opening into right intestinal limb a short distance anterior to 
level of seminal receptacle. Vitelline duct slender, branching about midway 
between level of vaginal aperture and ovary; vitellaria extending from slight¬ 
ly distal to vaginal aperture to opisthohaptor. Vaginal aperture dorsal, about 
0.4 nun posterior to genital aperture, situated about midway between median 
line and body margin, armed with horn-shaped spine 0.038 to 0.043 mm long 
by 0.010 to 0.013 mm wide at base. Eggs not present in specimens available. 

Host: Strongylura marina. 

Location : Gills. 

Distribution : United States (Woods Hole, Massachusetts, New York 
Aquarium, and Alligator Harbor, Florida, vide Hargis (1956). 

Specimens: U.S.N.M. Helm. Coll. Nos. 8168 (holotype), coll. Edwin 
Linton, Woods Hole, Mass., September 10, 1912; 8167 (paratype), coll. 
Edwin Linton, Woods Hole, Mass., August 30, 1911; 37723, (6 specimens), 
coll. G. A. MacCallum, AVoods Hole, Mass., Aug. 17, 1922; 37724, (5 speci¬ 
mens), coll. G. A. MacCallum, New York Aquarium, October 26, 1916; and 
37725, (5 specimens), coll. G. A. MacCallum, New York Aquarium, October 
31, 1916. 

This species was inadequately described by Linton (1940) from Strongylura 
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marina collected at Woods Hole, Mass. A comparison of the data on body 
sizes, number of opisthohaptoral clamps, etc., as obtained from the various 
collections listed above, indicates that this is somewhat variable species. In 
spite of the variations noted, nothing consistent was observed to indicate that 
a mixture of species was involved. 

Genus Chlamydacine Unnithan, 1957 

Diagnosis: Body triangular. Genital atrium unarmed; cirrus armed. 
Vaginal aperture dorsolateral, armed with horn-like spine. Other characters 
as for subfamily. 

Type species :Ohlamiida.iine truncatus (Hargis, 1956) Unnithan, 1957. 

Included species: Chlamydnxine resplendent (Caballero, Bravo-IIollis 
and Grocott, 1954) n. comb. 

Chlami/da.rine truncatus (Hargis, 1956) Unnithan, 1957 (Figures 13, 25, 37, 

49, 61) 

Synonym : A.rinoides truncatus Hargis, 1956. 

Description: See Hargis (1956). Aside from the nature of tin 1 cirrus, 
the original description appears to be as complete as the condition of the 
specimens permits. Hargis stated that the cirrus was provided with “finger¬ 
like papillae in distal portion of lumen” but a study of the holotype shows 
that the end of the cirrus is provided with a corona of 2 alternating rows 
of 0.004 mm long spines. The peculiar arrangement of the opisthohaptoral 
clamps is possibly an illusion due to a folding over of the right side of the 
haptor. Study of additional, better preserved and stained material is neces¬ 
sary to determine this. 

Host: T/dosurus raphidonnt. 

Location : Gills. 

Distribution: United States (Alligator Harbor, Florida). 

Specimen: U.S.N.M. Helm. Coll. No. 38157 (holotype). 

Chlamydaxine resplendent (Caballero, Bravo-Hollis and Grocott, 1954) n. 
comb. (Figures 21, 24, 36, 48, 60) 

Synonym: Acine resplendent Caballero, Bravo-Hollis and Grocott, 1954. 

Description : Body triangular, 3.5 mm long by 3.2 mm wide at posterior 
end and attenuated anterior to level of genital aperture. Prohaptoral suckers 
oval, 0.020 nun by 0.016 mm, without tooth-like papillae. Opisthohaptor 
consisting of a row of clamps, about 0.100 mm wide, along posterior end of 
body, and w r ith a minute languette armed with characteristic axine-type 
anchors; outer anchors about 0.032 mm long and inner about 0.054 mm long. 
Pharynx 0.032 mm long by 0.020 mm wide; esophagus bifurcating posterior 
to level of genital aperture; intestinal limbs with short median and long- 
branched, lateral diverticula, extending to near posterior end where they 
approach and may be confluent. Genital aperture median, 0.064 mm from 
anterior end; genital atrium unarmed. Cirrus armed with about 8 alternating- 
rows of short, 0.005 mm long, spines. Testes very numerous, postovarial. 
Ovary folded, with distal end directed nnteriad. Vaginal aperture dorsomar- 
ginal, armed with horn-like spine about 0.050 mm long by 0.020 mm wide at 
base. Vitellaria extending from level of transverse vitelline ducts to opistho¬ 
haptoral region. No eggs present in specimen available. 

Host: Tylosurus fodiator. 

Location : Gills . 
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Distribution: Panama (Fuerte Amador, Canal Zone). 

Specimen: Coll. Helm. Inst. Biol. (Mexico) No. 25-24 (holotype). 

An examination of the holotype specimen was made possible through the 
kindness of Dr. Edwardo Caballero y C. Aside from the structure of the 
anterior end, the original description (Caballero et. al., 1954) is adequate 
and as complete as possible from the single specimen on which the species is 
based. According to the original description, the anterior end is provided 
with a minute oral sucker and the illustration shows no evidence of prohap- 
toral suckers. According to the writer’s observation, the customary prohap- 
toral suckers are present; the essential difference in this respect between 
this form and other axinids is that the anterior end is not bifid but is in 
the form of a rounded lobe. 

This species is included in the genus Chlamydaxine since the body shape, 
unarmed genital atrium, armed cirrus, and lateral position of the vaginal 
aperture makes its close relationship to the genotype, C. truncates , a reason¬ 
able certainty. 


Genus JLoxura Unnithan, 1957 

Diagnosis: Body elongate. Genital atrium unarmed; cirrus pineapple¬ 
shaped, armed with numerous spines. Vaginal aperture sublateral, armed 
with horn-like spine. Other characters as for subfamily. 

Type species : Loxura ananaphallus Unnithan, 1957. 

The type and only species occurs on the gills of Tylosurus leiurus in India. 

Loa n routes new genus 

Synonym: Loxura Unnithan, 1957, in part. 

Diagnosis: Genital atrium armed with incomplete rows of spines; cirrus 
cushion-shaped, armed. Other characters as for Loxura. 

Type species: Loxuroides sasilala (Unnithan, 1957) n. comb. 

The type and so far the only species of this genus was described as Loxura 
sasikala by Unnithan (1957) from the Indian fish Cypselurus oligolepis. It 
is separated from Loxura because the nature of the armament of the genital 
atrium appears sufficiently distinctive to warrant generic status. 

Subfamily INDOCOTYL1NAE Tripathi, 1959 

Diagnosis : Opisthohaptoral clamps in 2 equal rows of 4 clamps each, 
rows separated by anchor hearing languette. Genital atrium armed, cirrus 
armed or (?) unarmed. Vaginal aperture dorsal, median or sublateral, armed 
with horn-like spine or (?) unarmed. Other characters as for family. 

Type genus : Indocotyle Tripathi, 1959. 

This subfamily was placed by Tripathi (1959) in the family Discocotylidae. 
However, the opisthohaptoral clamp structure and anchors are typically 
axinoid and properly belong in the family Axinidae. 

Key to genera of Indocotvlinae 

Vaginal aperture dorsal and median, (?) unarmed_ Indocotyle Tripathi 

Vaginal aperture dorsal and sublateral, armed_ Oligapta Unnithan 

Genus Indocotyle Tripathi, 1959 

Diagnosis: Genital atrium armed; cirrus (?) unarmed. Vaginal aperture 
dorsal and median, (?) unarmed. Other characters as for subfamily. 

Type species: Indocotyle hemirhamphae Tripathi, 1959. 
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The type and only species so fa r allocated to IndorotgJe was described 
from the gills of Hcmirhamphas gcorgi (sic) from India. The indicated 
absence of cirrus spines, or the possible confusion of eirrus spines with 
atrial spines, as well as the absence of a vaginal spine should be reinvesti¬ 
gated. 

Gents OJigapta Unnithan, 19b7 

Diagnosis: Genital atrium and eirrus armed. Vaginal aperture dorsal and 
sublateral, armed with horn-like spine. Other characters as for subfamily. 
Type species: OJigapta oligapta Unnithan, 1957. 

This genus was based by Unnithan (1957) upon specimens collected from 
the gills of “Uemiramphus georgeii” from India. Its close similarity to 
Indocotyle Tripathi is evident by the nature of the opisthohaptor. 
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The Description, Feeding Habits, and Life History of 
ISeotylenchus linfordi n. sp.; A Mycophagous Nematode* 

Helen Carol Heohi.er** 

Description 

This nematode is named Neotylenchus linfordi n. sp. in recognition of the 
many contributions of Dr. Maurice B. Linford to the science of nematology 
and also of the work he did on the feeding habits of this nematode just prior 
to his death. 

All specimens described were from active cultures with many gravid 
females. Measurements were made on specimens relaxed 11 to 14 minutes in 
small Syracuse dishes placed in an oven at 54° C. Some were fixed in FA A 
or 59r formalin, and some were mounted in glycerine after fixation. Many 
anatomical details were observed on live and crushed nematodes. 

Females: (78) L = 0.70 mm. (s ± 10.465 mm.) (0.49-0.91; a = 30(25-35); 
b = 5.1 (3.6-6.7) ; c = 8.0 (5.7-12.8) ; Y = 3 »- 75 79 (74-90) 2 - 4 - a - 7 . 

Males: (18) L = 0.52 mm. (s ± 1.010 mm.) (0.45-0.60); a = 28 (24-33); 
b = 4.3 (3.3-5.5) ; c = 15 (13-20); T = 59 (47-69). 

Hoi.otype female: L = 0.61 mm.; a = 27; b = 4.7; c = 7.6; Y = 47/ 79 
3.2/. 

Allotype male : L = 0.55 mm.; a = 27; b = 5.5 ; e = 16; T = 65. 

Females: (Fig. 1) Body slender, tapering at both ends. Cuticle 1 micron 
thick near middle of body, 0.6 microns at extremities. Striations 0.7 microns 
apart opposite stylet, 1.4 microns apart near middle of body. Lateral field 
13% of body width with four incisures, the outer two slightly crenate. 
Incisures reduced to three that are 1 to 2 body widths in front of deirid, 
then to two, then to one, disappearing one stylet length behind stylet. 
Incisures reduced to three at anus, disappearing one half tail length behind 
anus. Deirids at latitude of hemizonid. No phasmids seen. 

Head rounded, symmetrical, not offset. No annules on lips. Head frame¬ 
work eight parted, papillae on four submedial lips, amphids on lateral lips. 
Lateral lips reduced, located on periphery of head (Fig. 1-C). 

Stylet 9-10 microns long, tylenchoid. Knob group 2 microns wide, sub- 
ventral knobs slightly notched. Excretory pore prominent, located opposite 
anterior basal bulb. Highly refractive excretory tube often visible 2 or 3 
body widths behind beginning of intestine. Hemizonid 3 to 4 striations wide, 
2 to 5 striations anterior to excretory pore. Nerve ring 1 to 2 body widths 
anterior to excretory pore. 

Corpus of esophagus elongate, fusiform, without a true median bulb. 
Dorsal duct opening 1 micron behind stylet. Esophageal lumen sinuous in 
live specimens, straight in fixed ones. Walls of lumen comparatively thick and 
refractive in anterior 35% of esophagus, thinner posterior to opening of 
ventral gland duct. Basal bulb elongate-pyriform, terminating in a more or 
less elongate extension similar to that of the Paurodontinae. It differs from 
this group in that the cuticularized lumen does not reach the end of the 
extension, and the tissue is organized differently in the extension than in 
the bulb. Lumen off center, usually to the ventral side. 

* Professor Gerald Thorne of Madison, Wisconsin save helpful advice about both the 
taxonomic position of this nematode and the preparation of the drawings. His kindness is 
gratefully acknowledged. 

**Research Assistant, Department of Plant Pathology, University of Illinois, Urbana, 
Illinois. 
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Anterior end of intestine characterized by thin-walled chamber overlapping 
base of bulb. Behind chamber intestinal lumen narrows gradually to a 
sinuous tube passing between alternate triangular cells which give the 
nematode a tesselated appearance (Fig. 2D). Tesselation and chamber 
obscured by dark granules in well fed specimens. Lumen widens slightly just 
in front of rectum. Rectum 9 microns long, curved. Anus usually visible but 
inconspicuous in fixed specimens. 

Yulva a transverse slit 38-41% of body width. Vagina one fourth to one 
third of body diameter, walls about 1 micron thick. Ovary single, anterior, 
outstretched, oocytes in single file, rarely in double rows through part of its 
length. Ovary usually extends to about three body widths behind basal bulb, 
although a few seen at level of nerve ring. Post vulval uterine branch round, 
convoluted, length one half distance from vulva to anus. Uterus elongated, 
walls thick and convoluted. Sperm in uterus and post vulval branch. 

Males: (Fig. 1-F, G) Male similar to female in anterior part. Lateral field 
reduced to 2 striations at level of spicules, continued along bursa to near tip 
of tail. Stylet 8 to 9 microns long. Testis outstretched, occasionally reflexed. 
Spermatocytes in one to three rows. Yas deferens one fourth length of 
testis. Sperm round, 0.4 microns in diameter. Spicules cephelated, curved, 
20 microns long. Gubernaculum curved, one fourth length of spicules. Anus 
oval, lips protruding. Tail narrow with rounded terminus. Bursa extends 
from head of spicules to beyond tip of tail. Edges slightly erenate, occasional¬ 
ly with a distinct lobe near terminus. 

Diagnosis: N. linfordi differs from all previously described Neotylenehus 
by the long extension of the base of the esophagus. Three others, N. Intus 
Thorne, 1935, N. thornei Meyl, 1955, and N. italicui Meyl, 1955, have a post 
vulvar sac. N. linfordi differs from N. latns by the bursa extending over the 
tip of the tail, the longer spear with notched knobs, and oocytes in a single 
row. It differs from N. italicm in absence of a tail peg, and from N. thornei 
by the pointed terminus of the female. 

Type locality : Niles, Illinois. 

Type habitat: Soil from around roots of a greenhouse-grown Clematis sp. 

Experimental Methods 

Stock cultures were maintained in Petri dishes of 1/5 Difco potato dextrose 
agar and 4/5 2% water agar. The fungus used was Pyrenochaeta terrestris 
(Hansen) Gorenz, J. C. Walker, and Larson isolated from spelt roots. Its 
advantages for nematode culture are the thin walled, closely spaced hyphae, 
sparse spore production, and the growth rate is slow enough that it does not 
completely cover the dish, yet rapid enough for the nematodes to complete 
several generations before the fungus is killed. One disadvantage is a red 
pigment which obscures observations except at the margin of the colony. 
The nematodes developed better on one-fifth strength PDA than on fuU 
strength, possibly because a lower concentration of metabolic products of the 
fungus was present. 

Feeding studies: Observations and photographs of feeding were made 
using nematodes which had been transferred with a sterilized needle to four- 
day-old fungus cultures on 2% water agar. A sterilized cover slip was placed 
over them and observations were begun immediately. Nematodes feeding 
directly against the coverslip could be watched with a 60X oil immersion lens. 

Life history studies: All life history studies were made at 22-25° C. 
Egg development was observed in small dishes of sterilized v T ater by aid of a 
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40X water immersion lens. The number of larval stages was determined by 
sorting molting nematodes into size groups and examining them and inter¬ 
mediate sized larvae for stylet size and genital-primordium variations. 
Colonies from a single female were examined at least twice each day for 
presence of eggs, newly hatched larvae, and molting nematodes to establish 
the period between molts and the length of the life cycle. 



Figure 1. Neoiylcnclius linfordi n. sp. A. Female 700X ; B. Head 1500X ; C. 
Face view 2500X; D. Lateral field 1000X; E. Variation of basal bulb 700X; 
F. Male tail, ventral view 750X; G. Male tail, lateral view 750X. 
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Feeding 

Preliminary activities: This nematode moves sinuously through the agar, 
thrusting the head from side to side until the lips touch a hyphal strand. 
Immediately it begins rhythmic probing with the stylet while moving side- 
wise along the hypha until penetration is achieved, usually near a septum. 
On eoenocytie mycelium penetration is usually extremely difficult. It is 
probably aided by the greater structural rigidity of the cells of the septate 
hyphae. If penetration fails the nematode finally moves away, often still 
moving the stylet spasmodically. 

Activities of dorsal duct: In a nematode which has recently fed and in 
which the body reserves are not excessively depleted, the feeding process 
usually follows valuations of this general pattern: Immediately after stylet 
insertion the dorsal duct gradually widens. After 1 to 2 minutes a hyaline 
fusiform vacuole appears just behind the juncture of duct with esophagus 
and enlarges rapidly until it is about one stylet length long and 1 a /2 to 2 
times as wide as the stylet knob group (Fig. 2-E). Granular material from 
the basal bulb flows forward around the vacuole and collects at the base of 
the stylet. Gradually the granules replace the vacuole, filling from the front 
posteriad. Occasionally the forward streaming of the granules stops and they 
circulate in front of the vacuole and in the rest of the dorsal duct. After 1 to 
2 minutes regular forward flow resumes. When intestinal contraction begins 
after 5 to 15 minutes the remaining vacuole disappears and the dorsal duct 
width shrinks. A narrow stream of granules continues to flow toward the 
stylet while pumping progresses. 

Activities of intestine: Ingestion of food is apparently accomplished 
solely by rhythmic contractions of the thin-walled chamber in the anterior 
end of the intestine (Fig. 2-A). The anterior half of the intestine moves 
forward to compress the chamber, then moves back to the resting position. 
This motion proceeds at a uniform rate of 6 to 8 strokes per minute and 
continues 35 minutes to 3 hours. It is most pronounced immediately against 
the chamber and becomes progressively less posteriorly until it is very slight 
at about the mid point. During compression accordion folds develop in the 
wall of the chamber, which disappear as the chamber is relaxed (Fig. 2-C). 
These activities show best in starved specimens with little intestinal content 
since as feeding continues dark granules in the chamber conceal the folding. 

Activities of esophagfs : Forward motion of the intestine is accompanied 
by a backward diagonal motion of the esophagus by which the lumen is 
pushed or pulled from a ventral to a central position in the chamber (Fig. 
2-B). The base of the lumen appears softer and less refractive than the 
anterior part, and may act as a valve. Presumably as the intestine moves 
forward the lumen is squeezed together and chamber content is prevented 
from moving into the esophagus, but instead is forced back into the intestine 
proper. As the intestine relaxes the lumen opens and material is pulled into 
the chamber. 

Immediately after the final contraction of the chamber the nematode 
retracts its stylet and moves away. Once a nematode is established in a 
favorable feeding location, it rarely ranges far over the agar, but withdraws 
the stylet from one feeding site and inserts it again as soon as it touches 
another strand. 

Effects of glandular material: Although no granules can be seen flowing 
from the stylet tip into the hyphal cell at any time during the feeding process, 
the hyphal cytoplasm is modified (Fig. 3-A-D). It becomes more granular 
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Figure 2. A. Nematode feeding, chamber relaxed; B. Chamber contracted, focus 
on lumen; C. Chamber contracted, focus on wall; D. Nematode feeding, showing 
intestinal tesselation; E. Head showing dorsal duct vacuole. 
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and less vacuolate, even before intestinal pumping begins. Later it becomes 
more hyaline. These changes progress from cell to cell during the feeding 
period, often as far as six cells away from the stylet. It seems reasonable to 
assume that the nematode is injecting an extra-oral digestive enzyme. The 
sudden shrinkage of the dorsal duct at the beginning of intestinal contraction 
suggests that an especially large injection occurs at this time. It is not clear 
whether the hyphal septa are completely digested away or only made more 
highly permeable. Ingestion lasts so long at one site, however, that it seems 
probable that the nematode receives food from three to six cells on either side 
of the stylet. 

In a nematode which has been starved for several days with very few 
reserves in the intestine, the flow of granular material in the dorsal duct is 
slight. Intestinal .contraction begins within 1 to 2 minutes after stylet inser¬ 
tion and continues only a few minutes. It is possible that such a nematode 
ingests food from only one hyphal cell, or even from only a part of the 
cell, the supply of enzyme being insufficient to modify additional cytoplasm. 

In young fungus colonies containing only a few nematodes, the effects of 
feeding show 2 or 3 days after the nematodes are added as small dark patches 
visible to the unaided eye. 

The most detailed observations were made on Pyrenochaeta terrestris as 
described above. Sinjilar nematode activities and hyphal modifications also 
occur with the following fungi: Epicoccum- nigrum Link, Fusarium oxysporum 
Schlechtendahl, F. m-oniliforme Sheldon, GUocladium roseum- (Link) Thom, 
Helminthosporium sativum Pammel, King, and Bakke, Lentinus lepideus 
Fries, Poria monticola Murrill, and Sclerotium bataticola Taubenhaus. 

On Pythium arrhenomenes Dreehsler, a coenoeytic fungus, five or six 
pumping strokes occur only during pauses in protoplasmic streaming and the 
nematode immediately moves away. There is no pumping during protoplasmic 
streaming and no extended pumping as on septate hyphae. Probably the 
digestive enzyme and modified cytoplasm are carried away in the stream and 
the nematode can ingest only the modified material which accumulates around 
the stylet during the short pause. 

Discussion : In Petri dishes with the fungus as the only source of food, 
the progeny of single gravid females reached 40,000 to 70,000 in thirty days. 
Further population growth seems limited by various factors, including death 
and senescence of the fungus, senescence of the nematodes, and even invasion 
of the nematodes by the fungus. The nematodes feed effectively only on the 
young hyphae at the periphery of the colony, and as the cultures age many 
dead nematodes, presumably killed either by metabolic products of both 
fungus and nematodes or by starvation, are found in the center with their 
bodies filled with hyphae. 

The nematodes often spend 1 or 2 hours at a single feeding site while they 
presumably withdraw food from only 6 to 10 cells. This plus the compara¬ 
tively sparse distribution of this group in nature might suggest that the 
feeding process is inefficient. However, the rate of population increase, which 
is similar to that of other mycophagous nematodes studied under the same 
conditions,, indicates the mechanism is quite adequate. 

Life History 

Egg production : A well-fed female produces 7 to 8 eggs a day. The 
oocytes move slowly along the oviduct. As they pass into the uterus they 
separate from the row of cells and both ends become rounded, fertilization 
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occurs, and the egg shell is laid down. As the moment of deposition nears the 
egg moves spasmodically toward the vagina. A small portion of the end of 
the egg squeezes into the vagina and expands again outside the vulva. This 
bubble-like expansion slowly grows as the egg is pushed along until, when 
about % of the egg is out the remainder is expelled all at once. Nematodes 
lay eggs without interrupting the rhythm of the feeding process. 

Eggs are 4.8-5.9 X 1.7-1.9 microns, straight to slightly curved, finely rugose, 
unsegmented when laid. 

Embryo development: The protoplasm rounds up and pulls away from 
the egg shell about 15 minutes after the egg is laid. The first division occurs 
in 2 % to 3 hours. As in Radophohts similus this division is perpendicular 
to the long axis of the egg and results in two cells, one larger than the other 
(Van Weerdt, 1960). About 1 V 2 hours later first the larger, then the 
smaller cell divides, resulting m four cells arranged in single file. In all eggs 
examined no cells shifted out of line. All the cells then divide parallel to the 



Figure 3. A. Py) cnoclidGtd tcTTCstvis , no nematodes; B. F. tcvTCsti'is, nematode 
as fed lo minutes; C. _P. tcwcstTis, nematode has fed 30 minutes and just moved 
away; D. P. terrcstris, 3 hours after nematode moved away. 
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long axis of the egg, starting with the middle cells and ending with the 
smaller end cell. Eight cells are present after about one hour. Cell divisions 
continue until, about 22 to 24 hours after the egg was laid, the embryo has 
assumed a vermiform shape with the wider head end more hyaline than the 
tail. 

First stage larvae: Motion of the head end, and a little later a twisting 
of the whole embryo begins when t is about 1 ] /2 times as long as the egg. 
When twice egg length it begins to move back and forth. The various move¬ 
ments may be necessary for proper muscular development. One first-stage 
larva from a crushed egg was 240 microns long, 11 microns wide, extremely 
translucent, with no stylet, esophageal modifications, or intestinal granules 
visible. No stylet remains were seen in any east cuticle during the first molt, 
which occurs 43 to 48 hours after the egg is laid. 

Second stage larvae: When activity resumes, the larva moves back and 
forth and with a twisting motion, stretching the egg shell as hatching time 
approaches, and its fully developed stylet probes spasmodically. The stylet 
was never seen to penetrate the shell. The bursting of the shell seems to be 
an effect of the nematode trying to straighten itself out. Hatching occurs 
50 to 60 hours after the egg is laid. The larvae always emerge from the 
end of the egg, never from one of the long sides. 

L = 0.19-0.25 mm.; a = 21-25; b = 2.2-2.6| c = 4.8-6.4 G = 2 - 4 ' 4 8 55-60 
Distance from head to posterior of genital primordium 

0 = —;-;—Total body length—;—;- x 100! stylot 

= 7.0-7.5 microns. Cells of the genital primordium increase from four to 
about eight. The second molt occurs about 24 hours after hatching. 

Third stage larvae: L = 0.35-0.42 mm.; a = 25-30; b = 3.1-3.7 ; c = 5.8- 
7.1; G = 8 - 5 " 220 68-80; Stylet = 7.5-8.0 microns. The genital primordium 
increases to about thirty cells. The third molt occurs in 1 J /2 to 2 days. 

Fourth stage larvae: L= 0.50-0.54 mm.; a = 31-35; b = 4.1-4.9; c = 
6.2-7.2; G = 1G " 42 75-80 1 - 9 ' 3 - 8 ; Stylet = 8.5-9.5 microns. A hyaline area 
in the genital primordium marks development of the future vagina. The 
fourth molt occurs about 2 days after the third. 

Females : Adult females feed 12 to 14 hours before egg laying begins. 
Individual females have been followed up to ten days after the fourth molt, 
when they were still producing eggs. They undoubtedly produce for a 
longer time. Some cultures contain swollen “dowager” types, with several 
eggs lying separately in the reproductive tract and translucent material 
separating the cuticle, intestine, and ovary. 

Males: Petri dishes contained 0.0-2.5% males. Although copulation has 
been seen, isolated newly-molted females produced young, showing that males 
are not necessary for reproduction. 

Summary : The life cycle occupies about eight days under the conditions 
of these studies with four molts, one in the egg. The first stage has no 
stylet. All other larvae, males, and females have a stylet and feed. Increase 
in the a, b, and c values from stage to stage suggests that most rapid growth 
between molts is between the anus and esophagus. 


Summary 

Neotylench-us linforcli n. sp. is distinguished by a post vulvar branch, stylet 
with notched knobs, oocytes in a single row, pointed female tail, and the 
bursa extending over the tip of the tail. Feeding is accomplished by alternate 
compression and expansion of the thin walled chamber in the anterior end of 
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the intestine. When feeding on Pyrenochaeta terrestris on PDA at 22-25° C., 
the life cycle is completed in eight days with four molts, one in the egg. The 
first stage has no stylet, all other stages have a stylet and feed. 
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A New Gasterostome, Bucephaloides megacirrus , 
from the Redfish, Scutenops ocellata* 

G. T. Riggin, Jr.** and Albert Iv. Sparks*** 

During examination of fishes from the Gulf of Mexico, main* specimens 
of a gasterostome fluke were recovered from the redfish (Sciaenops ocellata). 
Seven hosts, which harbored twelve to several hundred flukes each, were 
collected at Bayou Rigaud, Grand Isle, Louisiana from December 1951 to 
August 1956. A single redfish collected from Alligator Harbor, Franklin 
County, Florida in November 1955 also harbored several hundred worms of 
the same species. The flukes belong to the genus Bucephaloides Hopkins, 
1954 and are herein described as a new species. 

The Florida specimens, approximately half of which were flattened by 
coverslip pressure, were fixed in alcohol-formal acetic acid solution and stored 
in 70% alcohol until stained and mounted. Frontal, sagittal and cross sections 
of unflattened worms were cut at 10 microns and stained with Delafield’s 
hematoxylin and eosin. Whole mounts of flattened specimens were stained 
with Delafield’s hematoxylin, Ehrlich’s acid hematoxylin, Semichon’s aceto- 
carmine and Borax carmine. 

The Louisiana specimens were fixed in Gilson’s fluid under coverslip 
pressure and stored in fifty percent alcohol. They were stained in Delafield’s 
hematoxylin and alum cochineal. 

Measurements of the Florida specimens are given first, followed by the 
measurements of those from Louisiana. All measurements are of flattened 
specimens and, unless stated otherwise, are in millimeters. Drawings were 
made with the aid of a microprojector. The following description is based 
on eleven specimens from Florida and three from Louisiana. 

Bucephaloides megacirrus, n. sp. 

Description : With characters of genus : Body ling.uiform, rounded at 
anterior extremity; round in cross section. Length .944-1.23, .910-.940, width 
.425-.464, .310-.440 at level of ovary. Body covered with rows of spines 
becoming smaller posteriorly and lacking at posterior extremity. Anterior 
sucker sub-terminal, rounded, .154-.201, .161-.182, in diameter. Pharynx oval, 
slightly post-equatorial, variable in dimensions, length .075-.105, .075-.090, 

‘Contribution No. 01 from tbo Oceanographic Institute, Florida State University. 

“ Present address: Department of Biology, Furman University, Greenville. South Caro¬ 
lina : in Department of Biological Seiences, Florida State University during these studies. 
The author wishes to thank Dr. It. TL Short for his help during this study. 

“‘Present address: College of Fisheries, University of Washington, Seattle, Washington; 
at Texas A. & M. Research Foundation. Thibodeaux, Louisiana during these studies. 
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width .090-.116, .090-.105. Esophagus short, extending anteriorly and opening 
into short, sac-like intestine. Excretory bladder elongated, sac-like, extending 
anteriorly to level of ovary. Excretory pore posterior, terminal. Testes 
rounded, .139-.165, .097 in diameter, situated on left side, tandem, usually 
slightly overlapping, anterior testis at about level of pharynx. Cirrus sac 
conspicuous, extending anteriorly to level of ovary, containing many prostate 
cells. Seminal vesicle large, in anterior portion of cirrus sac. Cirrus eversible, 
with two conspicuous genital lobes extending nto genital atrium. Genital 
pore terminal, slightly dorsal to excretory pore. 

Ovary immediately anterior to testes, rounded .079-.115, .091 in diameter. 
Oviduct extending dorsally and posteriorly from ovary; forming conspicuous 
suction chamber and entering obtype dorso-lateral to anterior testis. Ootype 
surrounded by Mehlis’ gland. Uterus long, turning anterio-medially from 
obtype, forming many convolutions between pharynx and haptor before 
enlarging nto metraterm opening into left side of genital atrium. Seminal 
receptacle absent. Laurer’s canal present, extending from oviduct near suc¬ 
tion chamber posterio-medially, opening dorsally in region of posterior testis. 
Vitelline follicles, round to oval, in two lateral groups of ten to twelve, 
anterior to ovary. Right and left vitelline ducts join posterior to ovary, 
forming common duct on left side of body entering oviduct shortly before 
ootype. Eggs numerous, yellow, length 31-42 microns, 25-33 microns; width 
17-24 microns, 15-21 microns. 

Host: Sciaenops ocellata, the red fish. 

Location : Intestine 

Locality: Alligator Harbor, Franklin Co., Florida. 

Type: Holotype deposited in the Helminthological Collection of the II.S. 
National Museum, No. 59516. Paratvpes in authors’ collections. 

Discussion 

The name Bucephaloides has been proposed by Hopkins (1954) for the 
genus of gasterostomes which possess an anterior sucker but lack a hood, 
papillae or other accessory structures. According to Hopkins, this name 
should replace the generic name Bncephalopsis Nicoll, 1914, since use of the 
name Bncephalopsis for adult worms was based on the unproved assumption 
that the gasterostomes with only a plain muscular sucker developed from 
the cercaria Bncephalopsis haimeanns (Lacaze-Duthiers, 1854). The genus 
Bucephaloides contains approximately 34 species. 

Bucephaloides megacirrus differs from all of the described species below 
in the possession of a pair of genital lobes and the position and size of the 
cirrus sac. Dayal (1948) described Bucephaloides sinhai; Bucephaloides 
thapari; and Bucephaloides macronius, each of which possesses a single geni¬ 
tal lobe extending into the genital atrium. In addition to differences in the 
structure of the genital lobes, B. megacirrus differs from B. sinhai in body 
size and the lack of a vesieula seminalis externa; from B. thapari and B. 
macronius in the position of the testes and ovary. Bhalerao (1937) described 
Bucephaloides karvei, which was redescribed by Gupta (1956), as possessing 
a dorsal genital tongue and a pair of genital lobes immediately ventral which 
extend into the genital atrium. Gupta (1956) substantiated the presence of 
these structures in placing B. belonea Srivastaia, 1938 in synonymy with 
B. karvei. The present species possesses a pair of genital lobes but lacks the 
genital tongue as described by Bhalerao. B. megacirrus also differs from 
B. karvei in the size and position of the cirrus sac and in body shape. 
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Buccphaloides megacirrus, n. sp. 

Fig. 1. Dorsal view of holotype, drawn from whole mount. 

Fig. 2. Posterior end of paratypp, showing cirrus, with lobes extended. 
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The Life Cycle of Dilylenchus triformis (Nematoda: Tylenchida) 
With Emphasis on Post-Embryonic Development* 

IIkdwtg Hirschmann 

In a previous paper (Hirschniann and Sasser, 1955), the occurrence of an 
intersexual form was reported in the tylenchoid nematode Ditylenchus tri¬ 
form is Hirschniann and Sasser, 1955. At that time, only small numbers of 
nematodes were available for study due to the difficulties in colonizing the 
species. Later, a fungus** was found that was very suitable for growth and 
reproduction of this nematode. By propagating D. triformis in cultures of 
this fungus, it was possible to extend the investigations on the life cycle and 
the role of intersexual individuals in reproduction. Certain phases of these 
studies have been published (Hirschniann, 1957). 

This paper deals with a full account of the life cycle and the reproductive 
habits of D. triformis. Emphasis is given to the anatomical development of 
the reproductive system during post-embryonic development of the nematode. 

Materials and Methods 

Stock cultures of the dioecious and intersexual lines of D. triformis were 
maintained on fungus cultures (Fig. 1A) in the laboratory. Twenty females 
or intersexes and 20 males were added to 8-day-old Petri dish cultures of the 
fungus growing on potato dextrose agar. No special precautions were taken 
to prevent contamination during nematode inoculation, since the fungus 
showed a high degree of antibiotic activity. Within l 1 /? to 2 months each 
Petri dish culture yielded large numbers of nematodes in all stages of develop¬ 
ment. The nematodes for various studies were extracted by the Baermann 
funnel method. All tests were conducted at 24 to 26°C, the optimal tempera¬ 
ture range for development and reproduction of this nematode species. 

A number of procedures were employed in preparing nematodes for 
morphological and anatomical investigations. Measurements were taken from 
specimens killed by gentle heat and mounted in 2% formalin. Measurements 
of molting specimens apply to larvae in the beginning phase of molting. 
Observations on the process of molting and the anatomical investigations on 
post-embryonic development were made on specimens mounted in water or 
2% formalin, or specimens stained in hot acid fuchsin lactophenol (Goodev, 
1957). For a detailed study of the development of the reproductive system, 
the specimens were killed by gentle heat, fixed for 10 to 20 minutes in Camay, 
stained in 1% acetic orcein, and mounted in 45% acetic acid. 

The following technique was employed in chronological development 
studies. Small blocks (5 x 5 x 2 mm) of fungus culture were cut from the. 
margin of a fungus colony and placed in the center of a large coverslip (22 x 
50 mm) which was then inverted and sealed, with vaseline, to a van Ticghem 
chamber (22 mm diam., 10 mm high) (Fig. IB). Each of 100 such fungus 
cultures was inoculated with 10 freshly hatched second stage larvae. Fifty 
nematodes were examined daily for 13 days and their stage of development 
was recorded. To provide optimal conditions for development, the larvae were 
transferred to new cultures on the seventh day. Pairs of young, freshly molted 
females and males were transferred to new fungus cultures in van Tieghem 

‘Contribution from Plant Pathology, North Carolina Agricultural Experiment Station, 
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**Identification of the fungus has not been possible, since all attempts to induce specu¬ 
lation have failed. It is suspected, however, that this fungus is a species of Behninthosporium 
or Fuxarium. 
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chambers. The time required for the deposition of the first eggs, the embryonic 
development to first stage larvae, and the hatching of second stage larvae was 
recorded. 

The same culturing method was employed to investigate longevity, mode of 
reproduction of the intersexes, and reproductive habits. In these studies, 
however, the nematodes were transferred to new fungus cultures every five 
days. 

Experimental Results 
1. Rost-embryonic Development 

The eggs of Diti/lenchus triform is are laid singly before undergoing cleav¬ 
age. The average dimensions of 100 eggs in different stages of embryonic 
development (Eig. 2A) were 66.2 microns ± 0.7 (range: 59.8-74.4 microns) 
by 25.3 microns — 0.4 (range: 21.4-30.6 microns). 

Four molts occur throughout the life cycle. The first molt takes place 
within the egg (Fig. 2B) and it is the second stage larva that hatches. The 
differentiation of various organ systems is not completed in first stage larvae 
(Fig. 2B). The esophagus is not fully'' formed; only the anterior intertable 
part of the stylet is developed. The genital primordium consists of 3 nuclei- 
one large central nucleus which is bordered anteriorly and posteriorly by 
2 smaller nuclei. The large nucleus is the germinal nucleus, whereas the 2 
small nuclei are somatic nuclei. The germinal nucleus is distinguishable even 
in earlier embryonic stages, before the embryo has assumed the vermiform 
shape. When first stage larvae or molting first stage larvae are artificially 
released into water from eggs, they move about normally for a short period, 
but their bodies soon become vacuolized and the larvae die. 


B 



Fig. 1. A—culture of an unidentified fungus used in propagating Bitylenchus 
iriformis; B—Van Tieghem chamber with small block of fungus culture inoculated 
with larvae of B. triformis. 
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Second stage: The second stage larvae at hatching are fully developed 
and resemble the adults except for body size, reproductive organs, and acces¬ 
sory reproductive structures (Fig. 2C). The oval-shaped genital primordium 
is located at approximately 63% of the body length. With the onset of 
feeding, the larvae continue their development. The genital primordium 
enlarges slightly without any division of its nuclei. The ventral- and lateral- 
chord nuclei, as well as the nuclei in the rectal region undergo mitotic 
divisions. In some fully grown second stage larvae, 2 spindle-shaped, moder¬ 
ately heavy staining nuclei in the ventral chord can be distinguished from 
the rest of rounded, darkly staining ventral-chord nuclei in the vicinity of 
the genital primordium. As will be shown later, these nuclei are present in 
female and intersex larvae, but are lacking in larvae that will develop into 
males. One nucleus is located slightly anterior to the anterior end and the other 
slightly posterior to the posterior end of the genital primordium. Both 
nuclei appear to have been derived from the ventral chord. Each of them 
divides once during the second stage, thus resulting in a group of 4 nuclei 
whose position varies somewhat in relation to the genital primordium (at same 
level with primordium or slightly posteriad). 

Second molt: Larvae approaching the second molt become more and more 
sluggish and finally lie motionless during molting. The first indication of 
molting is a retraction of the protoplasm in the cephalic region away from 
the cuticle. The anterior intertable part of the stylet and the cephalic frame¬ 
work remain in this clear-appearing area, whereas the posterior part (shaft 
and knobs) is reduced to a thin refractive line that is still connected with 
the anterior part. The euticular linings of the amphidial ducts and amphids 
are also shed. The protoplasm then reorganizes to form a new cephalic region 
with framework and faintly visible stylet (insertable part formed first, then 
shaft and knobs). Simultaneously with these processes in the anterior region, 
the euticular lining of the rectum is molting as indicated by a clear area in 
the rectal region (Fig. 2D). With the completion of the new stylet the new 
cuticle is formed and soon the larva of the next stage appears within the 
molted cuticle. The process of molting is essentially similar in all stages. 

During the second molt, the first nuclear divisions occur in the genital 
primordium (Fig. 2D). The 2 somatic nuclei divide and, with the completion of 
this molt, the resulting nuclei arrange in patterns that are typical for the 
sexes. In male larvae, the anterior somatic nucleus divides repeatedly to form 
several nuclei that later give rise to the male gonoduct. The division of the 
posterior somatic nucleus results in 2 nuclei. One of them remains as cap cell 
nucleus in the posterior tip of the gonad throughout the life of the nematode. 
The other nucleus migrates anteriad the germinal nucleus and later gives rise 
to somatic nuclei that will form the epithelium of the testis. In female and 
intersex larvae (Fig. 2D), it is the posterior somatic nucleus that divides 


Abbreviations for Figures 

c n—cap cell nucleus; div ger n—dividing germinal nucleus; ep n—epithelial 
nuclei; ep t—epithelium of testis; es—esophagus; es n—nuclei in esophageal 
region; gd—gonoduct (developing); gen prm—genital primordium; ger n— 
germinal nucleus; gut)—gubernaeulum (developing); int—intestine; mlt r—molt¬ 
ing rectum; od—oviduct; ph—polar body; p ut s—-postvulvar uterine sac; qc— 
quadricolumella; r s—receptaculum seminis; s ch n—specialized ventral-chord 
nuclei which later form vagina (drawn heavier for better differentiation) ; so n 
—somatic nuclei of genital primordium; sp—spermatogonial cell; spi—spicule 
(developing); spi prm—spicule primordia ; t—testis; ut—uterus proper; va— 
vagina (developing); v ch n—ventral-chord nuclei; v d—vas deferens; vit in— 
vitelline membrane. 
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several times resulting in nuclei that later form the female gonoduct. The 
division of the anterior nucleus gives rise to the cap cell nucleus and epithelial 
nuclei of the ovary. The group of 4 specialized ventral-chord nuclei mentioned 
earlier is located posteriorly to the primordium. 



Fig. 2. Development of Ditylcnchus triformis. A—egg with 4 blastomeres; R— 
molting first stage larva in egg; C—second stage larva, freshly hatched; D— 
second molt, posterior part of female larva. 


Copyright © 2011, The Helminthological Society of Washington 















34 


PROCEEDINGS OF THE 


[Vol. 29, No. 1 


The derivatives of the various nuclei can be traced separately throughout 
the development of the gonad, since they stain differentially with acetic orcein. 
The large germinal nucleus stains heavily in a coarse granular pattern with 
one or 2 dark staining areas. The cap cell nucleus and the large epithelial 
nuclei which form the ovary or testis stain faintly and have distinct nucleoli. 
The epithelial nuclei of the gonoducts are small and stain very dark. 

Third stage: Early in the third stage the morphological differences be¬ 
tween larvae of different sexes become more pronounced. In male larvae 
(Fig. 3A), the anterior part of the gonad is oval-shaped consisting of a 
group of 9 to 12 small cells and is slightly set off from the posterior rod¬ 
shaped part which comprises cap cell nucleus, germinal nucleus, and 2 large 
epithelial nuclei. In the rectal region a large group of small nuclei appears 
which later give rise to spicules and gubernaculum. In contrast, female larvae 
(Fig. 3B) have the group of small cells at the posterior end of the gonad, 
and only a small group of nuclei in the rectal area. The distance from the 
posterior end of the gonad to the anus is much shorter in female than in male 
larvae. This is due to the posteriad growth as well as backward movement 
of the entire gonad in female larvae. Also, the 4 specialized ventral-chord 
nuclei have enlarged and are now located within the extent of the gonad in 
female larvae, but are lacking in male larvae. Third stage intersex larvae 
combine characters of the 2 sexes. They resemble female larvae with respect 
to gonad morphology and location, but exhibit a large group of spicule pri¬ 
mordial nuclei in the rectal region as do male larvae. 

Third moi/t : With the beginning of the third molt, the gonad has extended 
in length. In male larvae (Fig. 3C), the anterior oval-shaped group of cells 
differentiates into 2 double rows of small spherical cells which, instead of 
proceeding anteriad, turn backward and grow posteriad along the ventral side. 
The remaining gonad with germinal nucleus, cap cell nucleus and 4 large 
epithelial nuclei is pushed dorsally and gradually shifts anteriad. Finally, 
only the end with the germinal nucleus is slightly bent dorsally and is 
straightened at the time the fourth stage larva emerges from the old cuticle. 
The nuclei in the rectal area are also dividing resulting in enlargement of 
the spicule primordia. In female larvae (Fig. 3D), the posterior cell group 
of the gonad increases in size. The gonad grows out anteriad by forming 
2 single rows of cells between this posterior cell group and the 2 anterior 
large epithelial nuclei. The 4 specialized ventral-chord nuclei undergo further 
divisions, and by completion of the third molt, they are arranged in 2 groups 
of 8 nuclei each in the vicinity of the posterior region of the gonad. These 
nuclei later take part in the formation of the vagina. Their arrangement in 
2 groups already indicates the future position of the vagina which will be 
located ventrally between them. The distance from gonad end to anus in 
female larvae is about one-half of that in male larvae (Fig. 3C,D; Table I). 
Intersex larvae resemble female larvae, but have, in addition, large spicule 
primordia as male larvae. The distance between posterior gonad end and anus 
tends to be slightly shorter than in female larvae. 

Fourth stage: During the fourth stage, the gonads of all 3 types of 
larvae continue to increase in length (Fig. 4A,B). The anterior testicular 
and ovarial parts are clearly distinguishable from the posterior somatic parts 
that will form the gonoducts. In male larvae (Fig. 4A), the germinal nucleus 
divides and advanced fourth stage larvae may have 4 germinal nuclei. 
Epithelial nuclei begin to migrate between these germinal nuclei. The posterior 
end of the testicular part consists of several large, irregularly arranged 


Copyright © 2011, The Helminthological Society of Washington 




Jam ary, 1962] HELMINTHOLOGICAL SOCIETY 


35 


epithelial nuclei. A slight constriction marks the end of the testicular region 
and the beginning of the posterior, more narrow epithelial part which con¬ 
sists of 2 double rows of small spherical cells. This part later gives rise to the 
vas deferens. The first 2 pairs of these cells are slightly larger than the rest 
and are somewhat oval-shaped. They will form a sphincter-like structure 
between testis and vas deferens in the mature male. In larvae approaching 



Fig. 3. Post-embryonic development of Diti/lcnchus Iriformis. A—early third 
stage, posterior portion of male larva; B—early third stage, posterior portion of 
female larva; C—third molt, posterior portion of male larva; D—third molt, 
posterior portion of female larva. 
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the fourth molt, the posterior end of the gonad is in the vicinity of the 
prominent spicule primordia. In fourth stage female larvae (Fig. 4B), the 
germinal nucleus does not divide. The 2 single rows of small epithelial cells 
extend in length by repeated divisions. They will eventually differentiate into 
the various parts of the female gonoduct. As development progresses, 2 
double rows can be distinguished in some parts. Anteriorly, one or 2 pairs 
of epithelial nuclei appear to migrate into the ovarial part of the gonad. 
They are distinguishable from the rest of epithelial nuclei of the ovary, since 
they are smaller and stain similar to other nuclei of the gonoduct. Posteriorly, 
the formation of uterus proper and postvulvar uterine sac is indicated. The 
dorsal epithelium of these gonad regions develops as a continuation of the 
2 single rows of small epithelial cells; the ventral epithelium differentiates 
from another 2 single rows of cells located ventrad. The individual nuclei of 
the 2 groups of 8 specialized ventral-chord nuclei begin to migrate one by one 
toward the center of the nematode body providing a clear space between 
them, in which the vagina will be formed. The development of the intersex 
gonad progresses in the same manner as that of female larvae and the spicule 
primordia are as prominent as in male larvae. 

Fourth molt: During the fourth molt, the gonad of male larvae clearly 
differentiates into testis and vas deferens (Fig. 4C). The germinal nuclei 
undergo further divisions (as many as 8 nuclei in advanced molting larvae) 
and are organized into distinct cells with well-defined membranes, particularly 
in the posterior end of the testis. Wedge-shaped epithelial cells between 
spermatogonial cells and pairs of large rounded epithelial cells posterior to 
the last spermatogonial cell form the epithelium of the testis. The vas deferens 
increases in length and its posterior end comes to lie close to the rectum. 
With the completion of the development, the vas deferens opens into the 
rectum. The cells of the spicule primordia are distinctly arranged in 2 sub¬ 
dorsal lobes early in this molt. As molting progresses, spicules and guber- 
naculum and caudal alae complete their differentiation. Freshly molted males 
may have as many as 13 spermatogonial cells. The most mature ones are 
preparing for the first maturation division. In female larvae, the germinal 
nucleus begins to divide for the first time (Fig. 4D). Due to this delay in 
division, freshly molted females have 4 or .ess germinal nuclei. The posterior 
ovarial part comprises numerous small epithelial nuclei whose further function 
was not determined. A slight constriction marks the end of the ovarial part 
and the beginning of the gonoduct. The anterior narrow part of the gonoduct, 
the oviduct, consists of 2 single row’s of 6 columnar epithelial cells v’ith long 
spindle-shaped nuclei. The oviduct is followed by a region of 6 to 10 larger 
cells in double rows with oval-shaped nuclei which form the spermatheca 
in the adult. The spermatheca constitutes the modified anterior end of the 
uterus and is followed by a characteristically widened part consisting of 16 
large, coarsely granulated cells with spherical nuclei, the quadricolumella. 
Behind the quadricolumella, the uterus narrow’s to form another short, 
constricted region with 2 single row’s of 3 narrow epithelial cells each. 
This region is followed in sequence by a few other epithelial cells, the 
uterus proper, and the postvulvar uterine sac. The latter 2 structures 
are formed by a layer of flattened epithelial cells. Vagina and vulva 
complete their development during the fourth molt. The 2 groups of 
8 specialized ventral-chord nuclei have migrated inside creating the lumen 
of the vagina between them. Four nuclei lie posteriad, 4 anteriad in the 
median plane, and 4 take a dorso-lateral position on each side of the vagina. 
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With the completion of this last molt, the cutieular lining of the vagina is 
formed. In young females the oogonial nude soon increase in number and 
cell membranes become distinct. As in previous developmental stages, intersex 
larvae combine the characters of female and male larvae. They have the same 
developmental pattern of the gonad as female larvae and, in addition, spicules, 
gubernaculum and caudal alae are formed in the same manner as in male 
larvae. 

2. Comparison of molting larvae and amendation of measurements of adults. 

Each molt is clearly defined by body and gonad length (Table 1). Under 
the conditions of these experiments, there was no overlap in measurements 
of these characters between the various molts. 

Adult nematodes continue to grow to some extent after the last molt. An 
amendation of the original description of D. triform is with respect to certain 
measurements of females, males and intersexes is presented in the following: 
50 females : body length = 867.5 microns ± 25.1 (691.5-1046.6 microns); 

length of stylet = 7.85 microns ± 0.07 (7.34-8.51 microns); 
a = 23.6-39.9; b = 52.5-73.0; c = 9.8-13.7; 

y - 28.7-63.3 7@.2 - 81.2 2.3 —4.3. 
vulva-anus distance (%) =11.5-15.9; 
excretory pore (%)= 10.9-14.3 

50 intersexes: body length = 852.2 microns ± 23.8 (712.0-1122.3 microns); 

length of stylet = 7.98 microns ± 0.07 (7.40-8.42 microns); 
length of spicules = 12.9 microns ± 0.6 (12.1-14.9 microns); 
length of gubernaculum = 5.7 microns — 0.3 (4.9-6.4 microns); 
a = 26.4-48.8; b = 49.5-72.8; c = 10.2-13.3; 

Y = 24.3-64.6 7L8 _ 82.7 2 0—3.8 . 
vulva-anus distance (%) =11.2-20.1; 
excretory pore (%) =11.9-14.2. 

50 males: body length = 707-9 microns — 19.5 (614.1-875.8 microns) ; 

length of stylet = 7.63 microns ± 0.07 (7.22-8.23 microns); 
length of spicules = 14.9 microns ± 0.2 (13.7-15.7 microns); 
length of gubernaculum = 6.1 microns ± 0.1 (5.2-6.S microns) ; 
a = 32.4-43.6; b = 45.5-62.2; c = 9.2-12.4; 

T = 28.8-60.0; 

excretory pore (%) = 12.8-15.9. 


Tabic 1. Measurements of various developmental stages of Ditylcnchus triformis 1 




Body length (n) 

Gonad length (n) 


A® 



Range 

Mean 2 

Range 

Mean 2 


Range 

2nd stage larvae 
freshly hatched 

198 — 282 

242.6 ± 4.4 

8.3— 13.0 

10.1 ± 

0.3 

16.9 — 27.4 

2nd molt 


317 — 376 

346.6 ± 4.2 

14.3 — 20.4 

16.8 ± 

0.4 

22.1 — 28.2 


male larvae 

406 — 526 

470.8 ± 6.7 

40.8— 91.8 

58.9 ± 

3.9 

15.1—31.2 

3rd molt 

female larvae 

430 — 556 

487.7 ± 7.1 

47.9 — 83.6 

64.8 ± 

2.3 

9.5 — 12.2 


intersex larvae 

428 — 548 

483.4 ± 6.9 

46.4 — 86.6 

68.0 ± 

2.7 

8.7 — 12.1 


male larvae 

563 — 720 

642.6 ± 15.1 

155.0 — 295.8 

230.5 ± 

6.7 

_ 

4th molt 

female larvae 

614—801 

724.4 ± 11.4 

183.6 — 265.2 

220.9 ± 

5.1 

— 


intersex larvae 

599 — 783 

688.8 ± 11.7 

163.2 — 230.5 

196.3 ± 

4.8 

— 


’Data based on measurement of 50 larvae in each case. 

*95% confidence interval. 

3 A = Distance from posterior gonad end to anus expressed in per cent of body length. 
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3. Time required for completion of life cycle in fungus cultures. 

The time required for the development of freshly hatched larvae to adults 
in fungus cultures is indicated in Table 2. Some of the second stage larvae 
underwent the second molt three days after inoculation. On the fourth day, 
most of them were in the second molt and few had developed into third stage 
female or male larvae. On the fifth day, the majority of the larvae had 
reached the third stage and a few were in the third molt. Although few 
fourth stage male and female larvae appeared 6 days after inoculation, most 
of the larvae reached the fourth stage on the eighth day. The fourth molt 
began on the seventh day. On the ninth day, the larvae undergoing the 
fourth molt had increased in number and the first adult males appeared, 
whereas the first adult females were found one day later. All nematodes had 
developed into adults on the thirteenth day. 

With a chance of immediate mating, 2-day-old adult females began to lay 
eggs. The embryonic development was completed within 3 to 5 days with the 
appearance in the eggs of fully grown first stage larvae or larvae in the first 
molt. Most second stage larvae hatched from the eggs within 4 to 6 days 
following egg deposition. Thus, the life cycle of D. triform is, under the 
conditions of these experiments, was completed within 16 to 21 days. 

As evidenced from Table 2, there was a considerable variation in the rate 
of development of individual larvae. On the seventh day, for example, a 
range of different stages from larvae undergoing the second molt to larvae in 
the fourth molt was found. In general, the fourth stage and fourth molt were 
somewhat prolonged as compared to the other developmental stages. 

4. Longevity, mode of reproduction of intersexes and reproductive habits. 

The life span of 35 adult females averaged 63 days (range: 31 to 124) in 
fungus cultures at 24 to 26° C. Thirty males had a slightly longer average 
life period of 74 days (range: 33 to 145). The intersexes were intermediate 
in longevity. 

It was previously suspected that intersexes might function as normal 
females (Hirschmann and Sasser, 1955). At that time, however, no egg 
formation or deposition was observed in intersexes. In order to investigate 
this further, each of 100 fungus cultures in van Tieghem chambers was 
inoculated with one fourth stage intersex larva. A few days later, the larvae 
had developed to adult intersexes which remained active in the cultures, but 


Table 2. Development of Ditylcncluis triformis in fungus cultures at 24 to 26°C 1 


days 

after 

inocu¬ 

lation 

2nd stage 
larvae (%) 

2nd 

molt 

(%) 

3rd stage 
larvae (%) 

3rd molt 
(%) 

4 th stage 
larvae (%) 

4tli molt 
(%) 

adults 

(%) 

female 

male female male female 

male 

female 

male female 

male 

o 

100 












3 

74 

26 





.... 






4 

38 

44 

12 

6 









5 

14 

20 

30 

26 

8 

2 







(3 

6 

6 

12 

16 

18 

22 

8 

12 





7 


4 

8 

10 

20 

26 

14 

12 

o 

4 



8 



2 

4 

14 

8 

32 

22 

8 

10 



9 





10 

8 

24 

18 

14 

20 


6 

10 







18 

10 

24 

18 

12 

18 

11 







8 

4 

16 

8 

34 

30 

12 









10 

6 

46 

38 

13 











48 

52 


1 Data based on examination of 50 larvae per day. 
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did not lay any eggs within the following 25 days. Microscopical examination 
of several specimens revealed, in each case, many well-developed oocytes in 
the ovaries and no sperm in the spermathecae. On the 25th day, 2 young 
males were added to each of 50 intersexes. Two days later, the first eggs 
appeared in these cultures and, when examined microscopically, abundant 
sperm was found in the spermathecae of the intersexes. No eggs were found 
in the cultures containing only intersex adults. This demonstrates that the 
intersexes function as females and are fertile only when impregnated by males. 

Females and intersexes need to be inseminated repeatedly to continue egg 
production. When impregnated females or intersexes were kept singly in 
fungus cultures, they soon exhausted their sperm reserve and egg-laying 
ceased, although the specimens remained active and lived as long as females 
in association with males. When new males were added to such single females 
or intersexes, egg-laying resumed shortly after copulation. This could be 
repeated 3 to 4 times during the life of a female or intersex. 

The average number of eggs laid by a single female or intersex was 79 
(maximum 168). The uterus usually contained only one well-formed egg at a 
time. The eggs were deposited before undergoing cleavage. 

In general, adults remained sexually functional for % of their life time. 
The last period of their life was characterized by a cessation of the reproduc¬ 
tive ability, retardation of movement and anatomical changes in certain organ 
systems. 


5. Anabiosis. 

D. triform is has the ability to survive unfavorable conditions under 
dormancy, a common phenomenon in the genus Ditylenchns. In heavily 
populated fungus cultures, nematodes of all stages tended to swarm together 
and form clumps. In older cultures these clumps or aggregates of motionless, 
tightly packed nematodes were easily visible to the naked eye as white patches 
in the agar medium. Ten heavily populated fungus cultures were allowed to 
dry out slowly at room temperature. The thin sheets of dried agar medium, 
containing the nematodes, were then stored for 2*4 years at 24 to 26° C. At 
the end of this period, most of the specimens revived when the desiccated 
medium was soaked in water for 48 hours. Larvae of all stages and adults 
were capable of anabiosis. When transferred to new fungus cultures, they 
resumed feeding, and reproduction was normal. 

Discussion 

In recent literature (Chitwood and Chitwood, 1950; van Weerdt, 1960), 
it lias been stated that the genital priinorclium of all nematodes has 2 
germinal nuclei regardless of the number of gonads of the adult. Genital 
primordia, however, Avith one germinal nucleus have been described earlier 
in some animal-parasitic nematodes (zur Strassen, 1892; Wiilker, 1923). The 
present studies confirm that genital primordia with one germinal nucleus do 
exist in nematodes. This is the case in males, females and intersexes of 
Ditylenchns triformis and also in A phelenchu .s avenue Bastian, 1865. It 
appears, however, that there is no correlation between the number of gonads 
in the adults and the number of germinal nuclei in the genital primordium. 
Thus, T). triformis and A. avenue with one gonad in the adult have genital 
primordia with one germinal nucleus, whereas Rhabditis lambdiensis Maupas, 
1919 and Turbatrix aceti (Muller, 1783) Peters, 1927 also with one gonad in 
the adult have genital primordia with 2 germinal nuclei. 
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Pai, 1928, investigating Tnrbatrix aceti, was the first to distinguish clearly 
between germinal and somatic nuclei in the genital primordium and to trace 
the derivatives of each nucleus throughout the development of the gonad. 
Van Weerdt, 1960 was able to distinguish between germinal and somatic 
cells up to the third molt in 1iadopholus similis (Cobb, 1893) Thorne, 1949. 
In the present studies, the derivatives of the germinal nucleus and the 2 
somatic nuclei of the genital primordium of 74. triform is could be traced 
separately and their differentiation into the various parts of the gonad of 
the adult could be followed due to the differential staining properties of 
the various nuclei. 

The cap cell nucleus in 74. triform!. s- was derived from the first division 
of one of the 2 somatic nuclei (posterior in male, anterior in female larvae) 
of the genital primordium. It did not divide later, but remained part of the 
epithelium of testis or ovary. This supports the viewpoint of other investi¬ 
gators (Maupas, 1899; Pai, 1928; Chitwood and Chitwood, 1950) for other 
nematode species and casts doubt on Musso’s, 1930 opinion that the cap cell, 
in general, can be considered as a germinal stem cell that gives rise to 
germinal nuclei as well as epithelial nuclei. 

The general developmental process of the gonad of 1). triformis resembles 
that of Tnrbatrix aceti . except for the different number of germinal nuclei in 
the genital primordium and the developmental stage at -which the germinal 
nucleus or nuclei start to divide. Such similarity in the development of the 
gonad of 2 unrelated monodelphie nematode species may indicate that a 
similar developmental pattern probably exists in various other monodelphie 
nematodes. 

The various parts of the female gonoduct of I). triformis are similar to 
those described for 74. destructor Thorne, 1945 (Wu, 1958). Wu suggested 
that the number of cells forming the quadrieolumella may have some taxo¬ 
nomic value in differentiating 74. destructor from 1). askenasyi (Biitschli, 
1873) Goodev, 1951. The present investigations showed that, as in 74. 
destructor > the quadrieolumella of 74. triformis and 74. dipsaei (Kuhn, 1857) 
Eilipjev, 1936 is composed of 16 cells and can therefore not be used as a 
taxonomic character to separate these species. 

With the exception of Tylenchulus semipenetrans Cobb 1913 (van Gundy, 
1958) and Meloidogyne incognita Chitwood, 1949 (Triantaphyllou and Hirsch- 
mann, 1960), 74. triformis is the only other nematode species in the order 
Tylenehida in which sex can be distinguished in the second larval stage 1 . Sex 
distinction in 74. triformis in this stage is based on the presence of 2 to 4 
specialized ventral-chord nuclei which later form the vagina in the female. 
During the second molt, sex can he easier distinguished by the differential 
development of the genital primordium itself. This feature has been used 
by various investigators to l-ecognizc the sex of other nematodes beginning 
with the third larval stage (zur Strassen, 1892; Raski, 1950; van Weerdt, 
1960; Yuksel, 1961). 

Steiner, 1923 observed that female intersexes of Agamermis decaudata 
Cobb, Steiner and Christie, 1923 copulated with males and most of them had 
normal eggs in their uteri, but further development of these eggs to larvae 
and adults was not studied. The present investigation showed that I), triformis 
intersexes function as females and that insemination is necessary for egg 
production. 


Copyright © 2011, The Helminthological Society of Washington 








42 


PROCEEDINGS OF THE 


[Vol. 29, No. 1 


Summary 

Four molts occurred during the life cycle of THtylenrhus triform is. The 
first molt took place in the egg and the second stage larva hatched. The 
genital primordium of young second stage larvae consisted of one large 
germinal nucleus and 2 small somatic nuclei. In females, nuclei derived from 
the anterior somatic nucleus gave rise to the epithelium of the ovary, whereas 
nuclei originating from the posterior somatic, nucleus formed the gonoduct. 
In males, the situation was reversed, but a turn of the male gonad through 
180° brought the male gonoduct into its final posteriad position. The cap cell 
nucleus was derived from the first division of one of the somatic nuclei 
(posterior nucleus in male, anterior nucleus in female) and did not divide 
again. The germinal nucleus could be traced to late embryonic stages and did 
not divide before the fourth larval stage in males and the fourth molt in 
females. Specialized nuclei of the ventral chord formed the vagina by invag¬ 
ination. Two large spicule primordia derived from the rectal epithelium 
gave rise to spicules and gubernaculum. Intersexes showed the same develop¬ 
mental pattern of the gonad as female larvae and, in addition, spicules, 
gubernaculum and caudal alae were formed in the same manner as in male 
larvae. The first indication of sex differentiation occurred in the second 
larval stage when 2 to 4 specialized ventral-chord nuclei appeared in female 
and intersex larvae. Sex of the larvae was easier recognizable during the 
second molt and early third stage by anatomical differences of the reproduc¬ 
tive system and location of the gonad. The various larval stages could be 
clearly distinguished by differences in the anatomy of the reproductive system. 
Each of the 3 molts outside the egg was clearly defined on the basis of body 
and gonad length. 

The life cycle from egg to egg was completed within 16 to 21 days at 
24 to 26° C. when the nematodes fed on cultures of an unidentified fungus. 
A considerable variation in the rate of development of individual larvae was 
observed. The longevity of females averaged 63 days, that of males 74 days 
and that of intersexes was intermediate. The intersexes functioned as females. 
The average number of eggs laid by a single female or intersex was 79. 
Females and intersexes had to be inseminated repeatedly to continue egg 
production. Adults remained sexually functional for % of their life time. 
All developmental stages including adults were capable of anabiosis. 

An amendation of certain measurements of females, males and intersexes 
is presented. 
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Studies on the Life-history and Habits of the 
Burrowing Nematode, Radopholus similis, the 
Cause of Black-head Disease of Banana 

Clive A. Loos* 

The burrowing' nematode, Radopholus similis (Cobb, 1893) Thorne, 1949, 
is an important pest of cultivated bananas in Central America and the West 
Indies. The pest invades the root system and causes lesions which may girdle 
and destroy roots up to one-half inch thick. Heavily infected plants are 
stunted, carry small fruit and topple over easily because of inadequate root 
anchorage (Loos & Loos, 1960 a). Large numbers of R. similis in all stages 
of development may be found in lesions in both root and rhizome cortical 
tissue. Since bananas are propagated by rhizomes, planting material is mainly 
responsible for wide-scale dissemination of the pest (Loos & Loos, 1960 b). 
Individual specimens, used in these studies, were obtained from rhizome 
lesions in Jamaica. 

Morphological and Population Studies 

Lacatan, Robusta and Gros Michel are three of the chief banana varieties 
grown for export purposes. No significant morphological differences were 
observed in burrowing nematode populations collected on these three varieties 
nt various times and places. Size range was so considerable that it left no 
doubt that to attempt separation of populations between numerous banana 
varieties, on a size factor, was not possible. Van Weerdt (1958) made similar 
observations for R. similis on citrus, corn and banana in Florida. 

Burrowing nematodes, on extraction from banana tissues, are sluggish but 
may be stimulated to activity by passing air through the nematode suspension. 
On the other hand, individuals recovered from soil are active; this is under¬ 
standable since those individuals were not from sedentary feeding positions 
but in active search for a host root. Ratios of males to females in lesions vary 
considerably; in large lesions, where extensive colonies had been built up, this 
ratio is generally in the proportion of 1.5 females to a male. 

* Formerly Nematologist to the Banana Board of .Jamaica, Kingston Gardens, Kingston, 
Jamaica, W. I. and now Plant Pathologist to the Los Angeles County Agricultural Commis¬ 
sioner, 808 No. Spring Street, Los Angeles 12, California. 
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Table 1. Egg-laying of gravid and large selected females of Radopholus similis 
in spots of distilled water. 


Type 

No. of 
Females 

Eggs laid in water 
0-24 hours 24-48 hours 

in 

2-10 days 

Gravid females 

16 

42 

3 

0 

Large non-gravid 





females 

34 

6 

0 

0 


Experiments in Vitro 

Egg-laying : Females can be maintained from two to seven weeks in spots 
of distilled water on glass slides, provided they are transferred to fresh water 
every four to six days. An active specimen becomes sluggish a few hours 
after transfer but may again be induced to activity by raising it out of the 
water on the end of a needle for a few seconds until the film of water around 
its body evaporates, before replacement in the water spot. 

A female may carry two eggs, one in each uterus; these eggs are generally 
laid in an unsegmented condition in a few hours though, due possibly to 
disturbance, change of environment or damage to the mother, it is not unusual 
for development to proceed to the four-cell stage before being deposited. A 
few cases occurred where eggs were not deposited but developed to the final 
pre-hatching stage in the uterus. In another instance a second egg formed 
in the anterior ovary developed up to the final pre-hatching stage but did not 
emerge. In all probability, in those cases, females were damaged but survived 
for many days. There were many instances too, where a gravid female died 
before laying and the egg was destroyed by bacteria. Females removed from 
banana lesions ceased egg production in under 24 hours though an occasional 
specimen laid at a much reduced rate on the second day (Table 1). 

In another experiment 90 gravid females were transferred, in groups of 5 
worms, to drops of fresh distilled water on glass slides and placed in damp 
chambers to avoid drying. During the first 24 hours mean egg-laying rate was 
2.6 eggs per female. This is in close agreement with egg-laying of gravid 
females expressed in Table 1. None of the 90 females laid any more eggs 
over a 7 week observation period indicating that nutritional factors stimulated 
egg-laying. 

At room temperature (75-90°F) larvae emerged from eggs, laid in water, 
from the fifth day onwards and all viable eggs were hatched in seven days. 
The majority of eggs hatched between the fifth and sixth days (Table 2). 

Experiments with Living Roots 

Thick, fleshy banana roots are not suitable for accurate examination for 
endoparasitic nematodes. Tephrosia Candida, a legume, was selected for these 
life-history studies since the seedling root is readily infected under laboratory 


Table 2. Hatching of newly laid eggs of Radopholus similis in distilled water. 
Results based on viable eggs in eight batches. 



1 

2 

3 

4 

5 

6 

7 

8 

Total 

% 

hatched 

5 days 

23 

34 

22 

42 

12 

3 

2 

7 

145 

71.7 

6 days 

30 

40 

25 

54 

18 

12 

6 

13 

198 

98.0 

7 days 

30 

40 

25 

54 

18 

15 

7 

13 

202 

100.0 
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conditions, seedlings at a suitable stage of growth are readily available and 
their roots are most satisfactory for examination by methods described by 
Gadd & Loos (1941) and elaborated on in this paper. Temperatures in the 
laboratory, during the course of these experiments, ranged from 75-90°F. 

Infection : A droplet of water was placed on a microscope slide and a 
solitary female, larva, or group of nematodes, depending on type of infection 
desired, transferred to the water. The pick-up and transfer needle was made 
with an eyebrow hair attached to the end of a dentist’s pulp canal file with 
plastic cement, according to the manner described by Goodey (1957). Seed¬ 
lings with straight radicles, IV 2 inches in length, were obtained by planting 
seed in which germination had proceeded to the point where the radicle was 
just emerging in a pot of wet sand for a period of 24-48 hours at room 
temperature. The suitable seedlings were transferred to a dish of water, 
cleared of adhering sand particles with a soft brush and placed on a dry 
cloth or absorbent paper to remove excess water. Nematodes were placed in 
a small spot of water on a microscope slide and the seedling placed on it with 
the root tip resting in the water spot. If the spot of water was sufficiently 
small it was almost immediately drawn up around the root tip area and the 
nematodes brought into contact with the attractive root surface. Fine sand, 
which had passed through a 60 mesh sieve, was heaped lightly over the 
anterior one-half inch of the elongating root and dampened before the slide 
was placed in a damp chamber. Operations should be completed as quickly 
as possible, to avoid excessive drying with consequent damage to the root tip, 
and the slide left for 24-48 hours in a humid chamber before the infected 
seedling is planted to a pot of wet sand where it remains until time for 
examination. Addition of sand over the seedling root, though unnecessary 
as an aid to infection, is advisable to hold down the root tip from lifting 
prematurely from the slide and making twisted growth. 

Examination : Females and larvae entered the root a short distance behind 
the tip. In under a week infection was observed as a faint discoloration which 
became' more evident a week later. For examination purposes the seedling was 


Table 3. Egg-laying and larval populations of gravid females of Radopholus 
similis in Tephrosia Candida roots (Series 1) 



Number 

of 

females 

Layers 

Mean 

of 

layers 

S.E. Mean 

Eggs laid 

1 day 

12 

10 

2.00 

0.33 

2 days 

17 

16 

7.25 

0.45 

3 days 

26 

20 

13.55 

0.92 

5 days 

24 

19 

18.68 

1.67 

7 days 

23 

17 

31.12 

1.33 

9 da vs 

23 

21 

34.05 

0.97 

10 days 

20 

20 

43.45 

3.14 

12 days 

15 

14 

55.93 

4.66 

14 days 

18 

16 

56.50 

4.31 

Larvae after 

7 days 

23 

17 

0 

0 

9 da vs 

23 

21 

4.5 

0.26 

10 days 

20 

20 

9.25 

0.63 

12 days 

15 

14 

15.14 

1.12 

14 days 

18 

16 

18.44 

1.21 
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carefully transferred to a dish of water, excised immediately beneath the 
cotyledons and the root cleared of adhering sand particles with the aid of a fine 
brush. Preferably at this stage, while the root is still in water, air is removed 
from the specimen tissues by means of a vacuum pump. Sufficient air was 
removed when roots sank on release of the vacuum. This air exhaustion was 
necessary since air bubbles in the tissues obscured accurate examination of 
cell contents. Roots cleared of sand and air were macerated in equal parts 
of 10 percent nitric and 10 percent chromic acids, maceration time depending 
on root thickness, though thirty minutes to one hour was generally found to 
be sufficient. Much of the dark orange stain of chromic acid, in the root 
tissues, w T as removed by washing macerated roots in tap water for about one 
hour. A root was sufficiently macerated when it flattened easily, without 
disintegrating, between a slide and cover slip on slight pressure to the slip. 
Microscopic examination was greatly facilitated when a macerated root was 
mounted in 10 percent caustic potash before a cover slip was applied and the 
specimen pressed flat. Caustic potash dissolves fat in nematode bodies and 
eggs but there is sufficient time for observation and counts of root contents 
before this occurs. The thick hypocotyl section of the seedling root was an 
effective holding place for transference of the root during preparation 
processes; this section is cut away with a sharp knife or razor blade at the 
final transfer immediately before placing a cover slip over the specimen. 

After entry neither female nor larva travelled far. Generally a female 
was surrounded by her eggs; if she moved her track was recognized from the 
trail of eggs left behind. Consequently there was no difficulty in counting 
her offspring accurately during the first three weeks following infection. 
However, after that period eggs of the second generation became mixed with 
those of the original female to make accurate determination of individual 
efforts impossible. 


Table 4. Egg-laying and larval populations of unselected females of Eadopholus 
similis in Tephrosia Candida roots (Series 2). 



Number 

of 

females 

Layers 

Mean 

of 

layers 

S.E. Mean 

Eggs laid 

1 day 

32 

11 

2.00 

1.41 

2 days 

28 

7 

2.86 

0.74 

3 days 

28 

23 

7.91 

0.69 

4 days 

24 

24 

11.75 

1.04 

7 days 

26 

25 

29.12 

1.90 

9 days 

19 

19 

36.53 

3.13 

10 days 

26 

25 

36.44 

3.12 

11 days 

28 

25 

34.72 

3.61 

12 days 

17 

15 

45.93 

5.21 

14 days 

17 

17 

50.06 

3.34 

17 days 

13 

13 

53.00 

6.94 

Larvae after 

7 days 

26 

25 

0 

0 

9 days 

19 

19 

2.26 

0.36 

10 days 

26 

25 

2.64 

0.80 

11 days 

29 

27 

5.22 

1.18 

12 days 

17 

15 

13.27 

2.57 

14 days 

17 

17 

19.29 

2.16 

17 days 

13 

13 

28.54 

2.94 
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Egg-laying: Series 1.-Gravid females. In the first series of experiments 
only females with visible egg's (gravid) in the uterus were used for infection. 
Frequently, however, those eggs were deposited before worms entered a root. 
Though gravid females were selected to ensure that only actively laying worms 
would be used it did not ensure that they would continue to lay for even a 
week. In fact it was found that 14% of individuals causing infection did not 
lay any eggs and nearly as many laid very few eggs. The maximum number 
of eggs laid by any individual was 76 in 14 days. It was evident, therefore, 
that some selected worms were near the end of their egg-laying period at time 
of selection. A summary of examination results made between 1 and 14 days 
is given in Table 3. 

Series 2.-Unselected females. In the second series of experiments no con¬ 
scious selection of females was made though it is possible that, subconsciously, 
larger individuals were more frequently chosen since they were easier to pick 
up and less likely to be large larvae. The seh ctions were finally viewed under 
a microscope to ensure that only adults were collected. At total of 258 females 
entered roots. Examinations made from 1 to 17 days are summarized in 
Table 4. 

Non-layers : Females referred to in Tables 3 & 4 originated from a 
population with a large number of males, and it is fair to assume that 
chances of picking unfertilized females for tl ese experiments w r ere, therefore, 
small. In series 1 (gravid females) 10 oi 12 (83%) commenced laying 
within 24 hours and showed a mean of 2.0 eggs per layer; in series 2 (un- 
selected, non-gravid females) in the same time period, only 11 of 32 (34%) 
laid and in this case too, the mean was 2.0 eggs per layer. Obviously layers 
of the unselected females in series 2 were i i the gravid category but were 
picked up as unselected non-gravids since eggs had been deposited shortly 
before they were picked up. The great difference in numbers of non-layers 
in the two series (10%. in gravid and 70%, in unselected female's) over a two- 
day period suggested a time lapse between adulthood and commencement of 
egg-laying. That this pre-egg-laying period was of short duration was 
demonstrated in egg-laying results of the \ nseleeted females on the third 
day; the percentage non-layers dropped an the mean eggs per layer rose 
significantly (Tables 4 and 5). 

In the gravid females series there were worms which did not lay or laid 
only a few eggs at 3, 5 and 7 days after entry into roots. These females 
presumably completed c'gg-laving but survived for a period after reproduc¬ 
tion ceased. There was no indication of a succession of egg-laying periods 
with rests between such periods. 

Mean rate of egg-laying : The mean numbers of eggs found at each 
examination in Series 1 and 2 (gravid and unselected females) are indicated 


Table 5. Egg-laying of gravid (G) and nnselected non-gravid (NG) females in 
Tephrosia Candida roots. 



Number of 
entries 

G NG 

Number of 
non-lavers 

G NG 

Mean 

Total 

G 

eggs 

entries 

NG 

S.E. 

Total 

G 

mean 

entries 

NG 

Eggs laid. 








1 day 

12 32 

O 

21 

1.60 

0.69 

0.36 

0.23 

2 days 

17 28 

1 

21 

6.82 

0.71 

0.60 

0.35 

3 days 

26 28 

6 

5 

10.42 

6.50 

1.34 

0.81 

7 days 

23 26 

6 

1 

23.00 

28.00 

3.38 

2.15 
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by a solid circle in Figs. 1 and 2. Straight lines which best fit the data are 
represented by equations Y = — 1.399 + 4.367x (gravid) and Y = — 0.8348 
+ 3.55x (unselected). Mean rates of egg-laying are 4.367 and 3.55 respectively 
over a two-week period. The higher rate for gravid females is attributed to 
higher egg production over the first three days after entry into a root. In 
both series it was apparent that egg-laying was proceeding unchecked beyond 
the observed two-week period. 

Rate of hatching will be a reflection on the rate of egg-laying so long as 
incubation periods remain constant and all eggs hatch. Mean numbers of 
larvae found from 7-14 days are also shown in Figs. 1 and 2. Straight lines 
which best fit these observations are Y = — 19.1712 -+- 2.753x (gravid) and 
Y = — 21.7831 + 2.766x (unselected). Those mean hatching rates are in close 
agreement with each other (2.753 and 2.766) though somewhat less than 
corresponding egg-laying rates (4.367 and 3.55). Since the incubation period 
is constant the inference is that a fair proportion of eggs did not hatch. This 
inference is supported by van Weerdt (1960) who stated that a good per¬ 
centage of eggs, particularly those slightly longer and narrower (length/width 
exceeding 2.5), more strongly bent and darker colored, failed to develop 
normally. Whether in the present instance a lower hatching rate is due to 
that factor or of non-fertilization was not clear. 

Rate of egg-laying of individuals : It will be realized that mean rates of 



Fig. 1. Mean rate of egg-laying in Tcphrosia Candida by a population of gravid 
:emales from banana rhizome lesions and the mean rate of emergence of larvae. 
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egg-laying of a population give little indication of individual performances. 
Mean rate of a population over a period will normally be less than the mean 
rate of an individual unless all lay throughout the period. During 10 days 
in Series 1 (gravid females) 20 individuals laid 869 eggs giving an average 
daily rate of 4.34 eggs per individual. Of these, over that 10 day period, one 
laid 6, one 23 and another 31; it is possible that these individuals ceased 
egg-laying before the end of 10 days. The remaining 17 individuals laid from 
34 to 64 eggs each with a mean daily rate of 4.76 over a 10 day period. This 
figure is probably fairly representative of the rate of egg-laying of individ¬ 
uals. Maximum rate observed was 6.4 eggs per day. Maximum rate observed 
in Series 2 (unselected females) was 7.7 eggs per day over a period of 9 
days and maximum number laid by any one individual in 17 days, the longest 
period under observation, was 95 which amount, if she commenced laying on 
the first day, gives a mean of 5.6 eggs per day. These mean rates are in fairly 
close agreement to the maximum laid by a gravid female, in distilled water, 
over a 24 hour period. 

Incubation period: It was previously shown that, in vitro, eggs may hatch 
in 5 days and that all hatchings were completed in 7 days. Eggs laid in roots 
take somewhat longer to hatch. Roots in Series 1 and 2 contained no larvae 
at the examination made after 7 days while larvae were observed, in some 
roots of both series, at the examination made after 9 days. Eggs from which 
these larvae emerged were probably laid shortly after females entered roots, 
in which case an incubation period, as observed, lies between 7 and 9 days. 



Fig. 2. Mean rate of egg-laying in Tephrosia Candida roots by a population of 
unselected females from banana rhizome lesions and the mean rate of emergence 
of larvae. 
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A moan incubation period in roots may bo derived from Figs. 1 and 2. If 
larval graphs are prolonged until they cut the N-axis, the points of inter¬ 
section are G.9 and 7.6 days for Series 1 and 2 respectively. AVe could con¬ 
clude, therefore, that a mean incubation period for R. sivuli s eggs, under the 
conditions of these experiments, was between 7 and 8 days. 

Larval, period: A direct estimate of the larval period was obtained by 
teasing roots, each of which had been inoculated with 10 recently hatched 
larvae, at daily intervals commencing after the ninth day. Results are set 
out in Table 6. Larval period was 10 to 13 days with the majority attaining 
adulthood in 11 days. Larval period for males was a day shorter than that 
for females. 

Pre-egg-laying period: Larvae becoming adult in 10 days did not, however, 
commence egg-laying until after the 12th day. Although it was not possible 
to determine with certainty the number of females concerned in the laying of 
those eggs, since the infected roots contained more than one female, the small 
number of eggs laid at the end of the 12th day suggested that they were laid 
by a single female. At the end of the 13th day egg-laying was a general 
feature and at the end of the 14th day 14 females had laid an average of 
7.6 eggs per individual (Table 6). In comparison Gadd & Loos (1941) 
found that Pratylenchvs coffcae had an adult pre-egg-laying period of 15 
days. 

Fertilization and egg-laying: Gadd & Loos (1941) found a delay in 
commencement of egg-laying of unfertilized Pratylcnchits coffcae. Two ex¬ 
periments were set up to ascertain if fertilization was a prerequisite to 
egg-laying of Ii. similis or if this species is parthenogenetic. In the first 
experiment 34 newly hatched larvae were inoculated, one to a root, and after 
48 hours in a damp chamber the seedlings were planted to pots of wet sand. 
Six weeks later each of 20 positive infections contained a female without 
progeny. Under conditions of mass infection and colony existence egg-laying 
should have commenced in under 12 days and, assuming a continuous period 
of egg-laying, each female should have laid over 120 eggs. In a second 
experiment large juveniles were introduced, one to each seedling root. Sixteen 
days later, of 8 positive infections, 7 were females without progeny and 
one a male; of 10 positive infections examined 28 days after inoculation 8 
were females without progeny, one a male and the other a female with 11 
larvae and 67 eggs. The reason for this apparent single parthenogenetic 
case is not known. There is a possibility that it was a young fertilized female. 

Nutrition and egg-laying : In vitro studies suggested that egg-laying 
was governed by nutritional factors since separation of actively laying 
individuals from plant tissues to water caused egg-laying to cease in under 
24 hours. That this cessation was due to lack of nutrition and not to 
disturbance caused by transfer was demonstrated in the following experiment. 


Table G. Larval and pre-egg laying periods of K. simili.s in Tcphrosia Candida roofs. 


Age of 
Days 

Number 

nematodes 

Juveniles 

Females 

Males 

Eggs 

Percentage 

Adults 

9 

21 

21 

0 

0 

0 

0 

10 

11 

7 

0 

4 

0 

57 

11 

15 

1 

10 

4 

0 

93 

12 

22 

O 

1G 

4 

4 

91 

13 

1(5 

0 

13 

3 

52 

100 

14 

20 

0 

14 

G 

107 

100 
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From a collection of gravid females, recently obtained from rhizomes, 10 
were inoculated to seedling roots and 60 transferred to distilled water on a 
glass slide. Forty-eight hours later 10 females in roots had laid 84 eggs 
(8.4 per female) while 60 females in water had laid 162 eggs (2.7 per 
female). Although the females in water were left for a further 10 days no 
more eggs were laid. 

In a third experiment gravid females, which had ceased egg-laying over 
the previous 4 days of a five-day starvation period in water, were inoculated 
to Tephrosia roots. Results of examinations made 2, 3, 4 and 10 days after 
inoculation are expressed in Table 7. Those results are in close agreement 
with egg-laying of non-gravid females taken directly from banana roots 
(Table 4). The quick re-establishment of egg-laying of females, on transfer 
from starvation medium to root tissues, proved conclusively that egg-laying 
is correlated with nutrition. 

Molts in water: Large juveniles requiring hut a single molt before 
adulthood completed it in water though, in many cases, they were unable 
to completely shed their cast cuticle. Juveniles requiring more than one 
molt before adulthood failed to make a second molt. 

Infection of roots: All larval stages, from newly hatched second stage 
larvae to the fourth-stage pre-adult molt, are infective. Females moved in 
and out of roots at will but males were incapable of such movement. How¬ 
ever, males feed in roots provided the final molt takes place in plant tissues. 
Fertilization occurs in the host tissues though there is no evidence that it 
cannot occur outside a root. 

Life cycle : Life cycle, egg to egg, at temperatures ranging between 75° 
and 90°F, of R. similis in roots of Tephrosia Candida was completed in 
20-25 days; that period may be divided into 8-10 days for eggs to hatch, 
10 to 13 days as larval period and 2 days as adult before egg-laying com¬ 
mences. The life cycle period agrees closely with Suit and DuCharm’s (1957) 
estimate of 3-4 weeks for R. similis in citrus roots. Van Weerdt (1960) 
recorded 4 larval molts, the first occurring in the egg. The 3 molts outside 
the egg, occur during 10-13 days. The fourth larval or pre-adult stage is the 
shortest of the larval periods and there is no apparent increase in body 
length at that time. 


Table 7. Eggdaying of single gravid Badopholus similis females introduced to 
Tephrosia Candida seedling roots after a 5 day starvation period in water during 
which time eggdaying ceased. 



2 days 

Egg Contents in 
3 days 

Root After— 

4 days 

10 days 

Degrees of 

freedom 

6 

7 

7 

6 

Mean per root 

2.5 

8.1 

12.1 

31.0 

Mean per root 

averaged per day 

1.25 

2.72 

3.02 

3.10 

SEM 

0.16 

0.56 

0.58 

0.79 


Summary 

No significant morphological differences were observed between populations 
of Badopholus similis from Lacatan, Robusta and Gros Michel banana 
varieties. The nematode, on extraction from banana tissues, is sluggish but 
may be stimulated to activity by passing air through the nematode suspension. 
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Gravid females when transferred from roots to water cease laying in under 
24 hours. Egg-laying in water averaged 2.6 per female with a best individual 
performance of 6 eggs. Eggs laid in water hatch normally. A rapid method 
for infection and later determination of population in a seedling root is 
described. The value of this method in the study of the life cycle of R. 
e mil is is demonstrated. Females lay on an average of 3.5 to 4.6 eggs per 
day and continued laying beyond 2 weeks. Eggs hatch in from 5 to 7 days 
in water and 7 to 8 days in a root. The larval period is 10 to 13 days with 
the majority becoming adult in 11 days. There is a pre-egg-laying period 
of 2 days. Unfertilized females do not lay; there was evidence of a possible 
partlienogenetie. case from over a large number of observations. Egg-laying 
of fertilized females is governed by nutritional factors. Removal of actively 
laying females from host tissues to water caused egg-laying to cease in 
under 24 hours. Reintroduction of those females to a host induced egg-laying 
to recommence. All larval stages and females are infective. Males are 
incapable of entering roots. Life cycle, egg to egg, is completed in 20 to 25 
days which period may be divided to 8 to 10 days for eggs to hatch, 10 to 13 
days for larval period and 2 days as adult before laying commences. 
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Effect of Temperature on Hatching of Aphelenchus avenae Eggs* 

Donald P. Taylor** 

Aphelenchus avenae Bastian, 1865, is a common soil-inhabiting nematode. 
Although frequently associated with plant parts, it is not considered to be an 
obligate parasite of higher plants, according to Steiner (1936). Since Christie 
and Arndt (1936) reported that this species feeds like plant-parasites and 
since it can be rapidly increased in the laboratory, A. avenae may become 
important in the study of nematode physiology, ecology, and genetics. This 
nematode may also be useful in screening chemicals for nematocidal activity 
because of these characteristics. 

Little has been published on the hatching of eggs in the Tylenchida. 
Dropkin, et al. (1958) reported that the stylet of Meloidogyne arennrin 


*Paper No. 4654, Scientific Journal Series, Minnesota Agricultural Experiment Station, 
St. Paul. Minnesota. 

**Assistant Professor, Department of Plant Pathology and Botany, T'niversity of 
Minnesota, St. Paul, Minnesota, 
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(Neal, 1889) Chitwood, 1949, is extruded repeatedly before hatching. In 
studies on hatching in Paratylcnchus project us Jenkins, 1956, Rhoades and 
Linford (1961) noted vigorous movement of the ovic larva and distortion of 
the egg membrane as hatching neared. They also stated that the stylet was 
thrust at the end of the egg until the membrane Avas broken. 

This paper reports the hatching process in A. avenae and the effect of 
temperature on the time necessary for hatching. 

Materials and Methods 

The population of A. avenae used in these experiments was increased from 
four females isolated from soil collected at a commercial nursei*y in NeAvport, 
Minnesota. These individuals Avere selected from a mixed nematode population, 
rinsed in sterile water, and placed in a petri dish culture of Fiisariu?n 
oxyspomm f. Uni (Bolley) Snyder and Hanson on acidified potato dextrose 
agar. As the nematode population increased, transfers containing agar, 
mycelium, and nematodes Avere made to other plates. A. avenue has been 
maintained in the laboratory in this Avay for over a year. 

Eggs of A. avenae Avere obtained by transferring 30-50 gravid females 
collected from cultures 10 to 14 days old to distilled water in a Avatch glass. 
Females Avere removed from the dish after 15-30 minutes and placed in 
another watch glass. Dishes containing eggs were placed immediately in 
refrigerators or incubators at constant temperatures. Dishes Avere examined 
at intervals for the presence of hatched larvae. The time elapsed from Avhen 
the eggs were laid until they hatched was recorded. 

Oauc larval development Avas observed by placing freshly-laid eggs in 
hanging drops of sterile distilled Avater as described by Taylor (1961). 

Effect of Temperature on Hatching 

The results of tests to determine the effect of temperature on the time 
between egg-laying and hatching are given in Table 1. No eggs hatched at 
5 and 42 °C. Eggs hatched in the shortest time at 36°C. At 38°C most of 
the eggs Avere killed, hut those that survived required a slightly longer time 
to hatch than those at 36°C. 

Obsera t ations on Hatching 

Earliest observations of ovic larvae disclosed two distinct movements: a 
foi’Avard or backward churning of the larva and a rapid pulsation of the 
valve in the metacorpus. No outAvard IIoav of fluid from the oral opening or 
stylet was detected at any time. Prior to the time when metacorpal pulsations 
Avere noted, larval movements had no effect on the contour of the egg. 


Table 1. Minimum time necessary for hatching of eggs of Aphelencftus avenae in 
sterile distilled Avater at nine temperatures. 


Temperature (°C) 

Hours from egg-laying to hatching 

5 

No embrvologic development after 720 hours 

10 

275-282 

15 

120-125 

20 

71-74 

25 

46-48 

30 

30-33 

36 

28-30 

38 

34-45* 

42 

Death occurred within 24 hours 


*Most eggs at this temperature were killed. The time reported is for the few that hatched. 
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However, after pulsations had been observed, the egg membrane became more 
and more flexible, and conspicuous bulges occurred at the points of maximum 
pressure of the larva’s body. When the anterior end of the larva was located 
at either end of the egg, the stylet was exserted and withdrawn rapidly back 
and forth through the oral opening and was seen projecting through the 
membrane into the surrounding water. Almost immediately the egg lost some 
of its turgidity and the end opposite the. punctures collapsed except when 
supported by the larva. Additional pulsations were noted and many more 
punctures were made at both ends of the egg. The anterior end of the larva 
broke through the end of the egg in which most punctures had been seen. In 
most eggs studied, the larva slowly moved forward into the surrounding water; 
however, one larva emerged to about one-third its total length, backed into 
the egg, and then shot out of the egg tail-first. 

Discussion 

Eggs of A. a venae hatched over a wide range of temperatures, but not at 
5 or 42°C. Between the extremes the time necessary for hatching decreased 
as the temperature increased, except at 38°C. At that temperature a high 
percentage of eggs were killed, indicating that 38°C is near the lethal 
temperatures for eggs of this species. 

Hatching appears to consist of three processes. After the ovic larva 
became active, the shell became more flexible but only after metaeorpol 
pulsation occurred. In other nematodes such pulsations are often accom¬ 
panied by an outward flow of secretions from esophageal glands. Thus, a 
deposition of fluids within the egg membrane by the larva at this time is 
likely, although not observed in this study. The initial step in hatching 
probably involves a chemical change in the membrane caused by activity of 
esophageal gland fluids as evidenced by the association of increased membrane 
flexibility and metacorpal pulsations. The second step in hatching is the 
repeated puncture of the egg by the stylet of the larva. The final step 
involves a rupture of the membrane by the application of pressure by the 
larva against a weakened part of the membrane. 

Summary 

Eggs of A. a venae hatched between 10 and 38°C. The time between egg- 
laying and hatching decreased from 275-282 hours at 10°C to 28-30 hours at 
36°C. Most eggs died at 38°C and the few eggs that hatched required a 
longer time than did those at 36°C. The ovic larva moved actively in a rigid 
egg membrane. After repeated pulsations of the metacorpal valve, the egg 
membrane became more flexible as hatching approached. The stylet punctured 
the membrane many times and the larva emerged through one of the weakened 
ends of the egg. 
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Occurrence of Trypanosoma cruzi n Maryland 

C. M. Herman* and J. I. Bruce, Jr.** 

Chagas disease or South American trypanosomiasis, caused by Trypanosoma 
cruzi, is a widespread disease of man in the western hemisphere. Most human 
cases have been reported from South and Central America. Only two human 
cases have been reported from the United States and both of these were from 
Texas in 1955 (Woody and Woody, 1955: USPHS, 1955). In southern 
United States, as in the endemic areas of South America, the infection is 
found in a number of wild animals. Reduviids, Triatominae, are the only 
known insect vectors. 

The first evidence that T. cruzi occurred in the United States was discovered 
in 1916 when Kofoid and McCulloch (1916) reported a new species of 
trypanosome isolated from reduviid bugs collected from a wood-rat nest in 
southern California. Fae Wood (1934) repeated and extended these studies 
and demonstrated that the trypanosome was T. cruzi. Subsequently, Sherwin 
Wood continued and extended his wife’s studies by examining many species 
of cone-nose bugs and rodents from southwestern United States and Mexico. 
T. cruzi was reported from both wood rats ( Neotoma) and deer mice ( Pero- 
myscus) as well as from reduviids (Wood, 1938, 1941, 1949, 1952; Wood and 
Wood, 1941). Packchanian (1941) reported T. cruzi from a number of 
small mammals collected in Texas, including armadillos, mice, wood rats and 
opossums. 

In 1955, while examining blood smears from mammals trapped at the 
Patuxent Wildlife Research Center in Laurel, Maryland, Walton was the 
first to observe a trypanosome in a raccoon. This observation subsequently 
was reported as T. cruzi (Walton, et al, 1956); earlier findings were reported 
in a paper by Walton, et al (1958). In subsequent studies Diamond and 
Rubin (1956, 1958) demonstrated the susceptibility of day-old pigs, lambs 
and kids to this strain of T. cruzi. 

Trypanosomes were reported from raccoons in Georgia by Brooke, et al 
(1957). A group of scientists working at the Communicable Disease Center 
in Atlanta reported trypanosomes from several species of mammals (Me- 
Keever, et al, 1958). The trypanosomes were discovered by accident in 
cultures made for isolation of leptospirae. The blood samples were taken 
from Avild mammals trapped from November 1954 to April 1957 on a number 
of areas in southwestern Georgia and northwestern Florida. Trypanosomes 
were detected in primary cultures for leptospirae from 98 of 1,977 animals of 
4 species. Host species and prevalences of infection were as follows: 88 of 
552 opossums; 8 of 608 raccoons; and 2 of 306 striped skunks were infected. 
In addition, subcultures showed that one opossum, one raccoon, one striped 
skunk, and two gray foxes were infected. A few triatomids were collected 
but no infection was found in them. 


*Section of Wildlife Diseases and Parasite Studies, Patuxent Wildlife Researcli Center, 
Laurel, Maryland. 

**Departiuent of Medical Zoology, Walter Reed Army Institute of Researcli, Washing¬ 
ton, D. C. 
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Yeager and D’Allessandro Baeigalupo (1960) reported T. rruzi from 
raeeoons and opossums in Louisiana. 

Results 

Since 1954, we have taken blood samples from many mammals at the 
Patuxent Wildlife Research Center. Our routine procedure usually involved 
examination of heart blood in wet and in stained preparations, in concentra¬ 
tions by a modified Knott’s technique (Herman and Price, 1955) and in 
culture in artificial media at room temperature (Diamond’s SNB 9, Diamond 
and Rubin, 1958). Samples from each animal usually were examined by all 
four methods. 

During the years 1954-1960 samples were taken from 2005 animals from 
the Patuxent Wildlife Research Center, including 7 chipmunks (Tainins 
stria tun); 8 gray foxes (Thnryon cinfreoargnifrus ); 37 (1)* red foxes 
(Vnlprs fitlra ); 126 (1) white-footed mice (Pcraniyscits Icucopus) ; 18 
muskrats (Ondatra zibclhicus) ; 219 (47) opossums (Didelphis marsvpialis) ; 
424 (52) cottontail rabbits (Syl Vilnyus flnridanus) ; 472 (80) raeeoons 
(Procyon lotor) ; 74 (7) house rats (Pattus norregicus) ; 5 flying scpiirrels 
(Glaucomys volans) ; 79 (11) striped skunks (Mephitis nigra)) 305 (42) 
gray squirrels (Scinrns curolinnvtis) ; 77 meadow voles (Mierotus pennsyl- 
ranirus)) 95 woodchucks (Mannolu monn.r) ; 9 weasels (Mnstela frrnata). 
In addition 50 bats from neighboring areas were examined, 43 big brown 
bats (Eptcsicus fuscus) and 7 evening bats (Nyrtircius h inner alis ). 

Specimens were collected throughout the year, but the greatest trapping 
effort was during the months of March and November, in connection with 
other studies at the Center. Special tnipping was done in the other months 
to obtain data on incidence of blood parasites through the year. Most of the 
animals wore released after a sample of blood was taken from the heart. 

Because our data suggest a seasonal distribution of 7'. rruzi at the Patuxent 
Center, the monthly distribution of samples is shown in Table 1. Approxi¬ 
mately 17% of the raccoons and 11% of all species were trapped in November. 
Trypanosomes were observed in the samples from ten raccoons; nine of these 
raccoons were trapped in November and one on October 31, 1960. The 
monthly distribution of the raccoon samples is given in Table 2. In 1954, 
samples were taken from 12 raccoons and none showed infection; in 1955, 
3 of 9 (2 on November 14 and 1 on November 18) were infected; in 1956, 

of 19 (1 on November 27, 1 on November 30); in 1957, 2 of 24 (1 on 
November 18, 1 on November 22) ; in 1958, 0 of 2; in 1959, 2 of 4 (both on 
November 20) ; in 1960, 0 of 10. In total, 9, or 11.3 percent of the 80 samples 
examined during November showed infection. The percentage of infected 
raccoons sampled throughout the year was slightly over 2 percent. All the 


Table 1. Number of Animals Examined by Months 


Year 

Jan. 

Feb. 

Mar. 

Apr. 

May 

.7 mi. 

July 

Aug. 

Sept. 

Oct. 

N ov. 

Dec. 

Total 

1954 

90 

52 

89 

95 

102 

92 

20 

23 

12 

61 

51 

17 

704 

1955 

49 

32 

84 

27 

47 

14 

11 

31 

38 

27 

22 

8 

340 

195(5 

7 

19 

77 

D 

14 

11 

10 

87 

46 

18 

51 

57 

350 

1957 



95 

3:> 

14 


12 

27 

13 

23 

58 

3 

278 

1958 



;>o 

81 

15 

4 

4 

7 

13 

13 

30 

19 

168 

1959 



25 

7 

6 

12 





5 

!) 

64 

I960 

0 

1 

8 

1 

87 

4 

3 

1 


35 

14 


101 

Totals 

148 

104 

855 

197 

285 

187 

60 

126 

1 1, 2 

177 

231 

113 

2005 


*Tlie number in parenthesis indicates the number collected in November. 
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infections were classified as T. eruzi. 

Although T. eruzi has been reported from rodents in other areas and a 
variety of trypanosomes have been reported from rodents as a result of many 
surveys in various parts of the world, we were unable to demonstrate any 
trypanosomes in the rodents collected at the Patuxent Wildlife Research 
Center. 

We found no evidence of trypanosomes in 219 opossums, although T. eruzi 
has been reported from this host in many areas of the southern United States. 
McKeever, et al (1958) observed about the same rate of occurrence' of T. 
eruzi in raccoons in Georgia (1.5%) as we did in Maryland but they also 
found infection in 16% of their samples from opossums. In earlier studies 
Walton, et al (1958) inoculated one of our raccoon isolates into three opos¬ 
sums. One opossum died 15 days later without showing any evidence of 
infection, one exhibited only a very low parasitemia on the 24th day after 
exposure and the third, which never exhibited a parasitemia, yielded a positive 
culture from heart blood taken on the 30th day after exposure. Brooke, et al 
(1957) studied trypanosomes isolated from 5 opossums, 1 raccoon and 1 
striped skunk collected in Georgia and compared their forms with T. eruzi 
and T. rangeli. They concluded that Isolates from the striped skunk and 
opossum had characteristics very similar to T. eruzi and that the isolate 
from the raccoon was more like T. eruzi than T. rangeli , although in culture 
it appeared different from either. 

Discussion 

Tn our earlier studies with raccoons (Walton, et al, 1958) the three types 
of inocula (blood, culture and triatomids) produced nonfatal infection with 
eventual disappearance of organisms from peripheral blood and eonsiderable 
variation in parasitemia. However, one raccoon (inoculated with cultural 
forms) exhibited a parasitemia up to 14 weeks after exposure and 3 weeks 
later yielded a positive culture. Another experimental raccoon was still 
exhibiting parasitemia 8 weeks after exposure. In natural infections in the 
wild raccoons, this continuing parasitemia was not evident. 

All the T. eruzi we found in Maryland raccoons were found within a 
month’s span. 

Tt seems logical to assume that this seasonal incidence is directly related 
to the habits of the raccoon and the local vector of T. eruzi. Seasonal varia¬ 
tions in incidence of infection also may account for our negative findings in 
other species. There is no evidence to date that arthropods other than tria¬ 
tomids can transmit T. eruzi. Although in earlier studies (Walton, et al, 
1958) it was possible; to transmit the Patuxent raccoon infection experimental¬ 
ly with laboratory reared tratomids, no cone-nose bugs were found in the 
field during a check for natural infection. Several local entomologists who 
do extensive collecting informed us that triatomids do occur in this area but 
are extremely rare; none were reported from the Patuxent Center. More 


Table 2. Number of raccoons examined at Patuxent Wildlife Research Center, 

1954-1900 


Month 

Num¬ 

ber 

No. 

Positive 

Month 

Num¬ 

ber 

No. 

Positive 

Month 

Num¬ 

ber 

No. 

Positive 

Jan. 

12 


May 

38 


Sept. 

35 


Feb. 

28 


June 

27 


Oct. 

24 

1 

Mar. 

98 


July 

10 


Nov. 

80 

9 

Apr. 

04 


Aug. 

oo 


Pec. 

28 
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recently, during October 1960, one of our colleagues, Dr. Gordon M. Clark, 
discovered a few triatomids in a rotting log at the Patuxent Center. 

Summary 

During 1954-1960, 2005 mammals of 18 species collected at the Patuxent 
Wildlife Research Center, Maryland, were examined for trypanosomes. T. 
rruzi was found in 10 raccoons between October 31 and November 30. Infec¬ 
tion occurred in 2 percent of all raccoons sampled, and in 11.3 percent of the 
80 raccoons sampled in November. Examination was by direct smears, stained 
smears and cultures of heart blood. Although, in previous studies, at least 
two experimentally infected raccoons exhibited extended parasitemia (14 and 
8 weeks), no such continuing parasitemia was observed in the natural infec¬ 
tions. No trypanosomes were found in any of the other mammals examined. 
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The Effect of a Concurrent Infection with Trypanosoma lewisi 

on the Development and Maintenance of Acquired Immunity 
to ISippostrongylus brasiliensis in Rats* 

Willie Ashley, Jr. 

In recent years some attention has been focused upon concurrent infections 
of parasitic organisms in laboratory mice and rats, especially in regard to the 
effect upon immunity. Brunipt (1933), Larsh and Donaldson (1944), Holmes 
(1947), and Cox (1952) are a few who have reported on the effects of con¬ 
current infections on immunity in experimental animals. These investigations 
primarily involved nematodes and cestodes. 

The literature reviewed did not reveal any reported observations on the 
effect of protozoan parasites on immunity to an intestinal helminth following 
a simultaneous entry into a host. The present report is concerned with the 
effect of a concurrent infection with the blood protozoan, Trypanosoma leu-isi, 
on the development and maintenance of acquired immunity in rats to the 
intestinal nematode, Nippostrongylus brasiliensis. 

Materials and Methods 

White laboratory rats between seven and eight weeks old were used as 
experimental hosts. The infective larvae of the test agent, N. brasiliensis, 
were obtained by a culture method essentially the same as that described by 
Yokogawa (1922), and injected into the hosts subcutaneously. 

The inoeula of the concurrent agent, T. lewisi, were prepared by taking 
blood from a heavily infected rat by cardiac puncture and placing it in a 
2% citrate solution. Blood was used from donor rats inoculated not more 
than six days previously since antibody formation is probably minimal at that 
time. Quantitative standardization of the inoeula was accomplished by use of 
the standard hemocytometer and blood pipette. The trypanosomes were in¬ 
jected intraperitonealfy, and a check of the degree of parasitemia in the hosts 
was made daily by examining a drop of blood from the rat’s tail under the 
microscope. 

. Observations and Results 

A set of three experiments was conducted to test the effect of a concurrent 
infection of T. lewisi on the development of acquired immunity to N. brasili¬ 
ensis, and another set of two experiments to test the effect of the concurrent 
infection on the action of previously acquired immunity to N. brasiliensis. 
The results are summarized in Tables 1 and 2, respectively. 

Experiment I of the first set, was a preliminary attempt to observe the 
development of immunity to N. brasiliensis when relatively small numbers of 
T. lewisi are injected simultaneously with N. brasiliensis into rats. The 
concurrently infected and control rats became infected with N. brasiliensis 
and rapidly threw off the infection similarly, as was indicated by the typical 
daily egg count rise and gradual disappearance of eggs in the rats’ feces by 
the 15th day after infection. Additional data were not recorded for this 
experiment. In experiments II and III, consisting of simultaneous injections 
with 50 and 150 million T. lewisi, respectively, and 1,000 N. brasiliensis 
larvae, the course of the N. brasiliensis infections was typical and similar to 
that in experiment I, eggs appearing in the feces of the control and con¬ 
currently infected rats on the 5th or 6th day indicating no difference in 
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propatent periods. The peak of egg production generally occurred on the 8th 
or 9th day after infection. The lungs of necropsied control and concurrently 
infected rats appeared normal with no residual inflammatory reactions re¬ 
sulting from delayed migrating larvae. The adult worms recovered were 
normal and fully developed. 

In experiments IV and V of the second set, all animals were rendered 
moderately and heavily immune to N. braniliensis with 1800 and 2500 larvae, 
respectively, prior to the concurrent test infections. Data from the concurrent 
test infections, consisting of doses up to 250 million T. lewisi, revealed the 
pattern of a typical low grade infection seen when rats previously immune 
to N. brasiliensis are challenged (Table 2). Lungs of all necropsied rats in 
the two experiments exhibited several dark areas representing hemorrhages in 
the alveoli due to inflammatory reaction. Several worms were found sur¬ 
rounded by a nodular reaction and filled with intestinal precipitate. All 
worms recovered from the intestines of the control and concurrently infected 
rats were stunted and undeveloped. Daily observations indicated that the 
concurrently infected rats generally progressed slower in gaining weight than 
the controls, although in two out of four experiments, III and V, concurrently 
infected rats, as a group, showed a percentage weight gain as large as the 
controls at the termination of the experiments. 

The trypanosome parasitemia followed a normal course in all experiments 
of both sets, generally reaching its peak about the 5th day and gradually 
subsiding until no trypansomes could be found in the rats’ blood by the 15th 
day after infection. 


Table 1. Data on primary A r . brasiliensis infections in rats with or without con¬ 
current infection with T. leuisi. 
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Discussion 

An evaluation of the egg count data, as well as the close similarity in the 
numbers of worms recovered from the rats of the two groups in each experi¬ 
ment, is evidence that development of acquired immunity and the action of 
previously acquired immunity to N. hrasiliensis were not influenced by the 
presence of a concurrent infection with T. lewisi. 

Taliaferro (1940) suggested that both inflammation and tissue sensitivity 
are possible factors in acquired immunity to animal parasites. In experiments 
IV and V, inflammation in the lungs of immune control and concurrently 
infected rats had undoubtedly subsided by the time of necropsy, but there was 
no evidence that greater cellular reaction occurred in the lungs of the con¬ 
currently infected rats than in the controls. 

The presence of T. lewisi- in these N. hrasiliensis infected rats appeared to 
adversely effect the host. The rats with T. lewisi infections ate less, weight 
gains were frequently less, and they appeared to be in poorer physical 
condition than those not infected with this trypanosome. 


Summary 

Egg count and worm recovery data of 5 experiments showed that in rats 
concurrently infected with moderate to heavy doses (1 million to 250 million) 
of T. lewisi and 1,000 N. brasilieusis larvae, the presence of T. lewisi did not 
influence the normal course of development of acquired immunity or the 
maintenance of previously acquired immunity to N. brasiiiensis. 
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Table 2. Data on rats immunized with varying doses of N. brasiiiensis and 
thereafter with 1000 larvae, with and without concurrent T. lewisi infection. 
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Observations on the Structure of the Cysticercus 
of Taenia hydatigena Pallas, 1766* 

Marietta Voge 

The present report is the first of a series of studies on the structural 
organization of cysticerci. The purpose of these studies is two-fold: first, to 
determine whether all larvae of the “cysticercus” type possess a comparable 
basic structure and tissue layers, regardless of specific scolex morphology; 
secondly, if the basic organization is similar regardless of the spe ics, are 
there aside from the scolex sufficiently distinct differences between species so 
that specific identification can be made on the basis of sections not showing 
the diagnostic features of scolex morphology. 

The material on which this report is based was collected from A lens alecs 
at Fort Richardson, Alaska, in December, 1959. 

Materials and Methods 

Formalin-fixed cysticerci of Taenia hydatigena were embedded in paraffin 
and sections cut at 7 microns. Stains used were Heidenhain’s iron hematoxy¬ 
lin, Mallory’s aniline blue stain, Gomori’s trichrome, Mayer’s hemalum and 
Davenport’s protargol stain. All these were employed as described previously 
(Voge, 1960). In addition Rinehart’s stain (Rinehart and Abul-Haj, 1951) 
was used for the demonstration of acid mucopolysaccharide and collagen. 

Observations 

The cysticercus of Taenia hydatigena (Fig. 1), the overall morphology of 
which was described by Moniez (1880), consists of a relatively thick anterior 
part or body which contains the scolex, and a more slender and delicate part 
commonly referred to as the bladder or tail. Between the body and tail there 
is an area of loosely packed, irregularly arranged fibers and cells. Histologi- 


*From the Department of Infectious Diseases, School of Medicine, University of Cali¬ 
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Abbreviations: c, cuticle; cc, calcareous corpuscles; cli, cuticular hairs; cl, 
cuticular layer; cm, circular muscles; fc, flame cells; fl, fibrous layer; h, hooks; 
lfc, loose fibers and cells; 1m, longitudinal muscles; m, muscles; n, nuclei; pa, 
proliferative area; pc, peripheral cells; s, sucker; see, space occupied by 
calcareous corpuscle; t, tail; tf, tissue fold. 
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Fig. 1. Free-hand drawing of longitudinal section through a cysticercus of 
Taenia hydatigena. Tail portion much longer than shown here. 
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cally the two parts differ considerably. The anterior part consists of the 
seolex which lies more or less in the center, surrounded by much-folded tissue. 
The folds are lined by cuticle which extends to the outside to about the 
posterior third of the body and gradually becomes thinner until it cannot be 
seen under low magnification. The tail area shows numerous lace-like in¬ 
foldings and varies greatly in size or length in different specimens. Through¬ 
out the cysticercus there are many calcareous corpuscles, situated within the 
delicate fibrous tissue which surrounds the seolex and makes up the major 
part of the larva. A few calcareous corpuscles are occasionally seen within 
the seolex proper. A layer of fibers staining blue with Mallory’s stain is 
present just external to the hooks. An account of the detailed organization 
in the different areas of the cysticercus will now be presented. 

Figure 2 shows one of the tissue folds within the anterior portion of the 
cysticercus near the seolex. The cuticle is a thick, homogeneous appearing 
structure which stains a greyish-blue in Mallory’s stain and blue with 
Rinehart’s stain. In some sections one observes a few fine hair-like structures 
(not shown in Fig. 1) protruding from the cuticle to the outside. Similar 
hairs have been described for C ijsticercus fasciolar is by Crusz (1948). Beneath 
the cuticle is a narrow layer of fine fibers which stain deep blue with Mallory’s 
and bright red with Rinehart’s stain. The latter reaction indicates the 



Fig. 2. Detail of tissue fold near seolex showing organization of different tissue 
layers and cells. 
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presence of collagen. The second, relatively prominent fibrous layer is 
probably a layer of circular muscles (Fig. 2) ; it stains red with Mallory’s 
and blue with Rinehart’s stain; the orientation of these fibers is at a right 
angle to the first layer. The fibers of the third layer lie parallel with those 
of the first, but in staining reactions are like the second layer. This is 
probably a layer of longitudinal muscles. Beneath this layer are numerous 
spindle-shaped cells (Fig. 2, peripheral cell layer) with long fiber-like exten¬ 
sions at each end, all with similar orientation. Internal to this cell layer lies a 
loose tissue consisting of a network with a few nuclei, many clacareous bodies 
and prominent densely staining, elongate structures the function of which is 
uncertain. Figure 4 shows these structures in greater detail. They measure 
13 to 18 microns in total length and 2 to 4 microns in width. They consist of 
two small cone-shaped or triangular portions, one of which contains a nucleus, 
and of a third, elongate, portion which in preparation stained with Meyer’s 
hemalum appears to contain fine fibers. The elongate part leads into a narrow 
duct of variable extent. The whole structure is enclosed by a thin membrane 
which thickens (Fig. 4) near the point of contact with the elongate portion. 
The usual orientation is with the cone toward the cuticle. These elongate 
structures are most numerous in the tissue folds around the seolex, but are 
present in other areas as well. 

It was thought that silver-stained preparations would help to establish if 
cilia were contained within the elongate portions, and thus support the idea 
that this was part of the excretory system, probably the flame cells. Un¬ 
fortunately neither the silver nor iron hematoxylin stain clearly demonstrated 
the presence of cilia, and living material was not available. As will be shown 
in subsequent reports, similar structures are present in cysticerci of other 
taeniid species. For the sake of convenience and until proven otherwise, 
these structures will henceforth be called flame cells. It should be noted that 
throughout the fibrous tissue in the body of the cysticereus one observes in 




Fig. 3. Detailed structure of peripheral portion of tail, or proliferative area 
(see Fig. 1). 

Fig. 4. Free-hand drawing of flame cells (?). 
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sections parts of a duct system, perhaps excretory, which lies external to the 
scolex, in the tissue surrounding it. The ducts are relatively wide and their 
position is somewhat variable. 

The peripheral tissue layers of the tail show numerous folds and out- 
pocketings giving the margin of the tail a lace-like appearance. It appears 
that continuous proliferation of tissue may occur in this area. Figure 3 
shows the structure of a few of these folds as they appear under high magni¬ 
fication. Beginning from the outside, there is first a thick layer of prominent 
cuticular hairs which protrudes from a relatively narrow c-uticular layer. The 
latter stains orange with Mallory’s stain while the fully developed cuticle in 
the anterior portion of the larva stains a uniform greyish-blue. Beneath the 
cuticular layer there is a delicate fibrous layer which stains blue with Mallory’s 
stain and red with Rinehart’s stain, indicating the presence of collagen. This 
layer appears to be the same as that described for the anterior portion of the 
cysticercus. Beneath the fibrous layer there are thick bundles of fibers which 
stain red with Mallory’s stain. They are probably bundles of muscle. Numer¬ 
ous calcareous corpuscles are present throughout the delicate fibroid tissue 
making up the remainder of the tail. 

If one traces the cuticular layer from the tail region anteriorly one ob¬ 
serves a gradual increase in width of the cuticular layer with a concomitant 
decrease in the length of the cuticular hairs. The hairs apparently become 
incorporated into the cuticle. Perhaps their length in any one species de¬ 
termines at least to some extent the thickness of the cuticle in the anterior 
part of the cysticercus. Certain aspects of the relation of the fibrillar lmirs to 
cuticle formation are discussed by Schiller (1960). 

Discussion 

Although information on the histologic structure of cysticerci is at present 
insufficient for comparison between species, preliminary observation as well 
as the work by Crusz (1948) indicates that the basic tissue organization is 
probably similar in cysticerci belonging to different species of Taenia. Cuti¬ 
cular hairs have been seen by Crusz (1948), by Schiller (1960), and by 
myself in Taenia hydafigena as well as in other species. The orientation and 
number of the muscle layers beneath the cuticle is the same in T. piriformis 
as in T. Injdatigena. Further similarities will doubtlessly be found when more 
species are studied. 

The finding of collagen-like material in the fibrous layer beneath the 
cuticle constitutes the first report of this substance for cestodes. However, 
further work on the structure of these fibers is necessary before any definitive 
statement can be made concerning the precise nature of these fibers. 
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New Species of Diplogasleridae (Nemaloda) Associated 
with Bark Beetles in the United States 

Calvin L. Massey* 

The family Diplogastcridao is abundantly associated with bark beetles 
throughout the United States. Many are known ectoparasites of the family 
Seolytidae; other are suspect. Thorne (1935) described Diplognster pinicola 
as an associate of the mountain pine beetle, Dendroctonus monticolae Hopk. 
Massey (1956) determined the same species to be an ectoparasite of the 
Engelmann spruce beetle, Dendroctonus engclmanni Hopk. Fuchs (1915, 
1938) ; Korner (1954) ; and Riihm (1956) described several species associated 
with European bark beetles. 

It is possible that the group in general exert considerable influence on the 
population dynamics of the Seolytidae. Many are thought to be predaceous 
on the egg stage; others may be hyperpredaceous on beetle predators and 
parasites. 

The species herein described were taken from the galleries of various bark 
beetles from the southwestern, southeastern and the northern United States. 
Type specimens are deposited in the collection of the Rocky Mountain Forest 
and Range Experiment Station at Albuquerque, New Mexico. 

Genus Acrostichus Rahm, 1928 

The genus is typified hv the species Acrostichus toledoi Rahm, 1928. Goodey 
(1951) erred in synonvmizing it with the genus Diplognster. Several char¬ 
acters which are constant and prominent vary considerably from members of 
the genus Diplognster and are sufficient to justify generic rank. These 
characters are: Stoma much deeper than wide; longitudinal striations promi¬ 
nent to very prominent; females with a reniform spermatheca; gubernaculum 
massive, variable in shape; tails of both sexes long and filiform. 

Diagnosis emended: Cuticle with very prominent longitudinal and mod¬ 
erately fine transverse striations. Head usually narrowed forward from 
anterior end of neck. Stoma much deeper than wide, 10-15 microns in depth, 
2.5-4 microns in width, consisting of a cheilostom with distinct cheilorhab- 
dions; protostom with distinct pvorliabdions. Meso-, meta- and telorhabdions 
at times fused, forming a glottoid apparatus armed with dorsal and sub- 
ventral teeth, varying from two to four in number. Esophagus typically 
diplogasteroid. Females amphidelphic, the ovaries usually strongly reflexed 
and either meeting or crossing in the region of the vulva. Females with a 
large reniform spermatheca. Spicules paired, ventrally arcuate, cephalated. 
Gubernaculum massive, elaborate, variable in shape. Caudal papillae variable 
in number. Tails of both sexes filiform. 

Several species previously described in the genus Diplognster belong in 
Acrostichus: 

Acrostichus lincatus (Fuchs, 1915) new combination 
synonym Diplognster lincatus Fuchs, 1915 

Acrostichus consobrinus (de Man, 1920) new combination 
synonym Diplogaster consobrinus de Man, 1920 


■ Rocky Mountain Forest- and Range Experiment Station, Forest Service, I'. S. Depart¬ 
ment of Agriculture, Fort- Collins, Colorado. 

Tim research reported was completed at the Station’s Forest Insect Laboratory at 
Albuouerque, New Mexico. 
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man u script. 
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Acrostichns consobrinns var. anstriacns (Fuchs, 1938) new combination 
synonym Diplogaster consobrinns var. anstriacns Fuchs, 1938 

Acrostichns nndicapitatns (Steiner, 1914) new combination 
synonym Diplogaster nndicapitatns Steiner, 1914 

Acrostichns occidentalis (Steiner, 1932) new combination 
synonym Diplogaster occidentalis Steiner, 1932 

Acrostichns ponderosns n. sp. 

Female : 0.6 mm., a = 16; b = 7; c = 3; v = 48%. 

Male : 0.4 mm., a = 15; b = 5; c = 5. 

Female : Cuticle with prominent longitudinal and fine transverse striae. 
Body widest near middle, tapering 1 anteriorly towards the head, posteriorly 
to a long filiform tail. Fig. ID. Head narrowly rounded. Amphid apertures 
minute pore like, located near apices of lateral lips. Stoma deeper than 
wide, 10 microns in depth, 3 microns in width; protostom slightly longer than 
cheilostom. The dorsal mesorhabdion armed with a large forward-pointing 
tooth. The ventral metarhabdion with a small subventral tooth as in Figure 
1A. Esophagus with muscular pre-corpus and valvular median bulb; the 
combined pre-corpus and median bulb being somewhat longer than the isthmus 
and non-valvate terminal bulb. Nerve ring prominent, just forward of the 
terminal bulb. Excretory pore slightly posterior to the terminal bulb. Ovaries 
paired, reflexed, the terminal ends crossed. Fig. IB. Vulva a transverse slit, 
slightly protuberant, opening nto a prominent reniform spermatheca. Fig. IB. 

Male: Testis single, slightly reflexed, at times nearly reaching the terminal 
bulb of the esophagus. Spicules paired, ventrallv arcuate, cephalated. Guber- 
naculum massive, % the length of the spicules, shaped as in Figure 1C. 
Eight pairs of caudal papillae; 1 and 2 subventral preanal; 3 subventral 
postanal; 4 lateral postanal; a group of three, 5, 6, and 7 at the end of the 
body proper anterior to the initiation of the filiform tail; 8 subdorsal slightly 
posterior to 5, 6, and 7. Phasmids lateral, anterior to 4th pair of papillae. 
Tail filiform. 

Diagnosis: Acrostichns with above general description. Distinctive because 
of the size and shape of the gubernaeulum. 

Habitat: Associated with Ips pon-derosae Sw. in ponderosa pine, Bandelier 
National Monument, New Mexico. 

Acrostichns taedns n. sp. 

Female: 0.63 mm., a = 15; b = 5.4; c = 3.6; v = 43%. 

Male: 0.55 mm., a = 18; b = 4.4; c - 5.5. 

Female : Cuticle with prominent longitudinal and fine transverse striae. 
Body widest near middle, tapering anteriorly towards the head, posteriorly to 
a long filiform tail. Fig. IE. Head slightly narrowed. Amphid apertures 
minute, pore like, located near apices of lateral lips. Stoma 10 microns in 
depth, 2.5 microns in width, armed as in Figure IE. Combined length of 
pre-corpus median bulb % longer than isthmus and terminal bulb. Nerve 
ring slightly forward of excretory pore. Ovaries paired and reflexed, the 
terminal portions crossing near the vulva. Vulva a transverse slit only 
slightly protuberant, opening into a characteristic reniform spermatheca. 
Fig. IF. 

Male: Testis single, reflexed. Spicules paired ventrallv arcuate, cephalated. 
Gubernaeulum % the length of spicules, shaped as in Figure IG. Seven pairs 
of caudal papillae; 1 and 2 subventral preanal; 3 subventral postanal; 4, 5, 
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and 6 slightly anterior to the initiation of the filiform tail; 7 subdorsal and 
slightly posterior to 6. A pair of phasmids located laterally and anterior to 
the 4th pair of papillae. Tail filiform. 

Diagnosis: Acrostichus with characters as described. Differs from other 
species in the genus in the shape of the gubernaculum and in the number and 
arrangement of the stomatal teeth. 

Habitat: Taken from the galleries of the black turpentine beetle, Den- 
droctonus terebrans Oliv., loblolly pine, Finns tacda L. near Lake City, 
Florida. Host material collected by R. II. Smith. 



Fig. 1.— A-D. Acrostichus ponderosus n. sp.; A. Head; B. Female midsection; 
C. Male tail; D. Female tail; E-H. Acrostichus tacdits n. sp.; E. Head; F. Fe¬ 
male midsection; G. Male tail; H. Female tail. 
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Acrostich-ns arcuatus n. sp. 

Female: 0.85 mm., a = 20; b = 5.4; c = 4; v = 44%. 

Cuticle with 11 very prominent longitudinal striations, striae visible at 
midbody. Transverse striae moderately fine. Body widest near middle, bent 
ventrally in a slight are. Head strongly narrowed from middle of pharynx 
forward. Ampliid apertures pore like, located near apices of lateral lips. 
Stoma 12 microns deep, 3 microns wide. Pharynx armed as in Figure 2A. 
Pre-corpus and median bulb of esophagus Vs longer than isthmus and terminal 
bulb. Nerve ring at middle of isthmus. Excretory pore adjacent to terminal 
bulb. Ovaries reflexed their entire length and meeting at midbody, as in 
Figure 2C. Vulva transverse, protuberant, opening into a large reniforni 
spermatheca. Tail filiform. Fig. 2B. 

Male : Unknown. 

Diagnosis: Acrostirtms with characters as described. Differs from other 
species in the genus in its size and in the prominence of the longitudinal 
striations. 

Habitat: Taken from the galleries of the black turpentine beetle, Den- 
droctonns terebrans Oliv., in loblolly pine, Pinvs taeda L. near Lake City, 
Florida. Host material collected by R. H. Smith. 

Acrostich its concolor n. sp. 

Female: 0.53 mm., a = 14; b = 5; e = 3.7; v = 47%. 

Male: 0.50 mm., a = 16; b = 4; e = 5.7. 

Female: Cuticle with prominent longitudinal striae. Body widest near 
middle, tapering only gradually towards the extremities. Head strongly 
narrowed from the anterior % of the esophagus forward as in Figure 2D. 
Amphid apertures minute, pore like, located near apices of lateral lips. Stoma 
12 microns in depth, 3.5 microns in width. Mesorhabdion armed with a 
dorsal tooth; the ventral metarliabdion with a subventral tooth, the anterior 
dorsal tooth the largest, the ventral metarliabdion with a small denticle. The 
isthmus and terminal bulb of the esophagus % the length of the pre-corpus 
and the median bulb. Nerve ring near middle of isthmus. Excretory pore 
adjacent to terminal bulb. Ovaries paired, strongly reflexed, nearly meeting 
at midbody. Vulva a transverse slit, opening into a reniforni spermatheca. 
Tail filiform. Fig. 2E. 

Male: Testis single, reflexed. Spicules paired, ventrally arcuate, eephalated. 
Gubernaeulum massive, as long as spicules, shaped as in Figure 2F. Six 
pairs of caudal papillae; 1 preanal subventral; 2, 3, 4, and 5 postanal sub- 
ventral, located at the base of the body as it narrows into the tail proper; 6 
subdorsal and adjacent to number 5. Phasmids not discernible. Tail filiform. 

Diagnosis : Acrostich ns with characters as stated in description. Differs 
from other species of the genus in its strongly constricted head, number of 
male caudal papillae, and shape and size of gubernaeulum. 

Habitat: Associated with Srolgtns centralis Lee. in white fir, Abies con- 
color (Gord. & Glend.) Lindl., Sandia Mountains, Cibola National Forest 
near Albuquerque, New Mexico. 

Gents 7 )iplogastrroidrs de Man, 4912 

The genus is typified by the species Diplogasteroulcs spcngelli, and includes 
several species: D. africanns Mieoletzky (1915); D. bidentatus de Cillis 
(1917) j D. longirandu (Rahm, 1928); 1). sligmatns Steiner (1930); 77, 
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variabilis Micoletzky (1922) ; D. crassus Korner (1954) ; and D. picicola 
Riihm (1956). Both Korner (1954) and Riihm (1956) placed in Diplogaster- 
oides several species described by Fuchs in the genus Rhabdontalaimus and 
Neodiplogastero-ides. 

Riihm (1954) erred in synonymizing the genus Rhabditolaimus Fuchs 
(1915) with Diplogasteroides. 



Fig. 2— A-C. Acrostichus arcuatus n. sp.; A. Head; B. Tail; C. Midsection; 
D-F. Acrostichus concolor n. sp.; D. Head; E. Female tail; F. Male tail. 
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The genus is characterized by long filiform tails of both sexes, head bearing 
6 papillate lips. Stoma cylindrical, with a short cheilostom, a protostom 
composed of fused pro- and meso- rhabdions, dorsal metarhabdion bearing 
a small tooth. Telorhabdions forming a small chamber at the anterior opening 
of the esophagus. Amphidelphic or prodelphic. Spicules paired, ventrally 
arcuate. Varying numbers of caudal papillae present. 

Diplogasteroides marsh alii n. sp. 

Female: 0.58-0.75 mm., a = 16; b = 5.8; c = 5.4; v = 67%. 

Male: 0.58-0.85 mm., a = 16; b = 5.2; c = 7.4. 

Female: Cuticle with very fine longitudinal and transverse striae. Body 
tapering anteriorly towards the head, posteriorly to a moderately long filiform 
tail. Fig. 3D. Head rounded, slightly narrowed neck. Fig. 3A. Stoma 
Rhabditis-like, made up of a short cheilostom, the inner surface of the 
cheilorhabdions convex in a lateral view. Protostom with straight sides, the 
prohabdions approximately 3 times the length of the cheilorhabdions, dorsal 
mesorhabdion bearing a slender tooth. Ventral telorhabdion a knot-like 
structure at entrance to esophagus. Amphids not discernible. Pre-corpus of 
the esophagus, muscular, widening into an ovoid median bulb. Isthmus 
moderately slender, somewhat narrower than pre-corpus. Terminal bulb 
ovoid, valveless. Pre-corpus and median bulb slightly shorter than isthmus 
and terminal bulb. Nerve ring a broad band slightly anterior to median 
bulb. Excretory pore adjacent to terminal bulb. Ovary single, reflexed as 
much as % of its length. Post-uterine branch less than half as long as body 
width. Vulva transverse, slightly protuberant. 

Male: Testis single, reflexed. Spicules paired, cephalated, slender, ventrally 
arcuate. Gubernaculum keel-like, considerably longer than wide. Fig. 3B. 
Nine pairs of caudal papillae; 1 and 2 preanal and suhventral; 3 lateral 
preanal; 4 postanal and suhventral; 5 postanal and lateral; a group of three, 
6, 7, and 8 suhventral at that portion of the tail at the end of the body; 9 
postanal subdorsal and adjacent to number 6. 

Diagnosis : Diplogasteroides with characters as described. Differs from 
other species in the shape of the gubernaculum and the slender more arcuate 
spicules. 

Habitat: Recovered from the galleries of Ips ponderosae Sw. in ponderosa 
pine, Pintis ponderosa Laics., Bandelier National Monument, New Mexico, and 
from ponderosa pine infested with Ips leeontei Sw. near Prescott, Arizona. 

Diplogasteroides janae n. sp. 

Female: 0.9-1.1 mm., a = 20; b = 4; c = 8; v = 46%. 

Male: 0.73 mm., a = 21; b = 5; c = 11. 

Female : Cuticle with fine transverse striations. Body widest near the 
middle, tapering anteriorly and posteriorly. Head rather broadly rounded, 
made up of 6 papillate lips with prominent papillae. Fig. 4A. Stoma much 
deeper than wide, composed of a short cheilostom and protostom. Dorsal 
metarhabdion bearing a small tooth located near entrance to esophagus. 
Amphids located as in Figure 4A. Esophagus consisting of a muscular pre- 
corpus, widening into an ovoid valvate median bulb. Isthmus moderately 
slender, its length combined with the terminal bulb being shorter than the 
pre-corpus and median bulb. Terminal bulb valveless. Nerve ring near 
middle of isthmus. Excretory pore adjacent to median bulb. Ovaries at times 
reflexed their entire length. Vulva a protuberant transverse slit near mid- 
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body. Tail fine, filiform. Fig 4D. 

Male: Testis single, reflexed, at times nearly reaching the terminal bulb. 
Spicules paired, ventrally arcuate, cephalated. Gubernaeulum considerably 
longer than wide. Fig. 4C. Seven pairs of caudal papillae; 1 and 2 preanal 
subventral; 3 postanal subventral; 4, 5, and 6 in a group at the posterior end 



Fig. 3.— A-D. Diplogasteroides marshalli n. sp.; A. Head; B. Male tail; 
C. Body section, Female; D. Female tail; E-G. Rhabditolaimus wesleyi n. sp.; 
E. Head; F. Female tail; G. Male tail. 
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of the body proper; 7 adjacent to 6, subdorsal. Phasmids located laterally 
and on either side, slightly anterior to the 4th pair of papillae. Tail fine, 
spicate. Fig’. 4C. 

Diagnosis: Diplogastero-iclea as described. Distinguished from other species 
in the shape of the gubernaeulum, number and arrangement of caudal 
papillae, and in the tail characteristics of the male. 

Habitat: Recovered from the galleries of Ips calligraphns (Germ.) in long- 
leaf pine, Rime pahisiris Mill, at Olustoe, Florida. Host material collected 
by E. P. Merkel. 


Gents Rhabditolaimus Fuchs, 1915 

The genus is typified by the species Rhabditolaimus halleri. It- is closely 
related to Diplogastcroides, but differs in that the pharynx is unarmed and 
the male tail possesses a small bursal structure. 

Rhabditolaimus iceslegi n. sp. 

Female: 0.65 mm., a = 18; b = 4.6; c = 6; v = 72%. 

Male: 0.5 nun., a = 16; b = 5.3 c = 6.4. 

Female: Cuticle thick with very fine longitudinal and transverse striations 
which sometimes are scarcely discernible. Body tapering anteriorly towards 
the head, posteriorly to a moderately long filiform tail. Fig. 3F. Head rather 
broadly rounded. Fig. 3E. Amphids located as in Figure 3E. Stoma Rkabdi- 
ti.s'-like, made up of a short cheilostom with relatively straight cheilorhabdions. 
Protostom approximately 3 times the length of the cheilostom. Telorhabdions 
appear to be fused with the prorhabdions. Anterior end of the esophagus 
overlapping the posterior portion of the stoma. Pre-corpus of the esophagus 
muscular, terminating in an ovoid median bulb; the isthmus and terminal 
bulb shorter than the pre-corpus and median bulb. Nerve ring a broad band 
midway of the isthmus. Excretory pore not discernible. Ovary prodelphic, 
reflexed for about % of its length. Post-uterine branch 1 V 2 times body 
width. Vulva a transverse slit with slightly protuberant lips. Anus promin¬ 
ent. 

Male: Testis single, reflexed. Spicules paired, ventrally arcuate, cephalated. 
Gubernaeulum as in Figure 3G, only slightly longer than wide. Prominent 
anal flap in male. Nine pairs of caudal papillae; 1 and 3 subventral preanal; 
2 lateral preanal; 4 subventral postanal; 5 lateral postanal; a group of three, 
6, 7, and 8 at that portion of the tail near the end of the body; 9 subdorsal 
and adjacent to number 7. Bursal structure not visible. Tail relatively long 
and filiform. 

Diagnosis: Rhabditolaimus with characters as described. Differs from other 
species of the genus in the anal flap of the male, the size and shape of the 
gubernaeulum, and the number and arrangement of caudal papillae. 

Habitat : From galleries of Dendroctonus borealis infesting white spruce, 
Picea glanca (Moench) Voss, Anchorage, Alaska. Nematode-infested material 
collected by W. F. McCambridge. 
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The Parasites of Four Eastern Ground Doves 

Robert M. Stabler and Portia A. Holt 
Colorado College, Colorado Springs 

Members of the genus Columbigallina are widely scattered over the southern 
temperate and tropical regions of the Western Hemisphere. Its various 
species are reported as harboring Plasmodium, microfilariae, Toxoplasma, and 
Haemoproteus (Levine and Kantor, 1959). The form in the eastern United 
States, C. passerina passerina (eastern ground dove) has been reported as 
positive for microfilariae only, however. No reports have appeared for the 
western race (pallescens ). 

The authors are very grateful to Dr. 0. E. Frye, Jr., of the Florida Game 
and Fresh Water Fish Commission, who kindly forwarded from that state 
four specimens of the eastern ground dove for examination. 

Observations 

The birds arrived in Colorado Springs in excellent condition on 2 February 
61. Their feces, blood, bone marrow, and mouths were examined for parasites, 
with the following results. 

Nematodes. The feces of three of the doves contained worm eggs which 
ranged from 64 to 72 microns in length by 40 microns in width. They were 
typical of the eggs of Omithostrongylus quadriradiatus. The fourth showed 
no eggs. 

Coccidia: Oocysts were present in two birds only. They ranged from 17.6 
to 20.8 microns in length by 15.2 to 17.6 microns in width. They were identi¬ 
fied as Eimeria labbeana. 

Haemoproteids : The blood of all four birds was positive for Haemopro¬ 
teus eolumhae. 

Trichomonads : Trichomonas gallinae was recovered from the mouths of 
three of the four doves. Subinoculations from two of them were made into 
the mouths of clean domestic pigeons. One pigeon showed no trichomonads 
at any time; the other was still positive when sacrificed six weeks later. The 
strain appeared to be completely a virulent. 

No other parasites were detected. 

Discussion 

So far as the authors are aware, none of the four parasites recorded herein 
(Ornithostrongylus quadriradiatus, Eimeria labbeana, Haemoproteus colum- 
bae, and Trichomonas gallinae) has ever previously been reported from the 
eastern ground dove. The nematode (Biester and Schwarte, 1959) and the 
eoeeidian (Levi, 1957) are both known to cause serious disease in the common 
pigeon. The trichomonad is noteworthy particularly for the lethal effects of 
its virulent strains on various members of the Columbiformes (Stabler, 1954). 
Each new type of host for this pathogenic flagellate is, therefore, of consider¬ 
able interest. 
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Description of Dipetalonema inlerslilium n. sp. from the Grey 
Squirrel and Dipetalonema llewellyni''' n. sp. from the Raccoon. 

Donald L. Price 

Walter Reed Army Institute of Research, Washington, D.C. and 
Department of Zoology, University of Maryland, College Park, Maryland 

During studies on the filarioid parasites in small mammals conducted at 
the Patuxent Wildlife Research Center** microfilariae and adult filarioid 
parasites representing two new species were collected, one species from the 
grey squirrel, Scmrus carotinensis Gmelin and the other species from the 
raccoon, Proa/on lotor (Linnaeus). Both filarioid parasites were placed in 
the genus Dipetalonema following the key proposed by Chabaud and Anderson 
(1959). No previous report on either of these parasites could be found. 
Measurements of both sexes of each species are expressed as an average using 
three males and five females followed by corresponding measurements of types. 

Dipetalonema interstitmm n. sp. 

Description: Onchocercidae (Leiper, 1911); Onchocercinae Leiper, 1911; 
genus Dipetalonema Diesing, 1861. Head slightly enlarged and rounded with 
outer circle of eight cephalic papillae and two small interlateral papillae 
just inside of ainphids. Amphid opening slit-like. Cuticle finely striated. 
Esophagus not divided, junction between esophagus and intestine indistinct. 
Microfilaria unsheathed and found in blood of host. 

Male (holotype) : 29.80 (29.50) mm long. Lateral width: at nerve ring 
0.040 (0.038) mm, of head 0.051 (0.045) nun, at excretory pore 0.048 (0.042) 
mm, and at anus 0.037 (0.038) mm. Nerve ring 0.090 (0.080) mm, excretory 
pore 0.269 (0.262) mm, and junction between esophagus and intestine 0.269 
(0.295) mm from anterior end. Anus 0.110 (0.090) mm from posterior end. 
Posterior end coiled in about two turns. Caudal alae extremely narrow. Nine 
pairs of caudal papillae: 1 pair anterior to anus, 4 pairs adanal, 2 pairs 
just posterior to anus, 1 pair midway between anus and tip of tail, and 1 
pair near end of tail. Right spicule 0.160 (0.170) mm long, left spicule 0.410 
(0.380 mm long. Gubernaculum absent. Tip of tail flattened with longi¬ 
tudinal markings giving superficial suggestion of a bursa. 

Female (allotype) : 66.40 (64.00) mm long. Lateral width: at nerve ring 
0.071 (0.070) mm, of head 0.078 (0.075) mm, at excretory pore 0.081 (0.078) 
mm, at vulva 0.078 (0.076) mm, and at anus 0.048 (0.049) mm. Nerve ring 
0.138 (0.140) mm, excretory pore 0.308 (0.310) mm, vulva 0.534 (0.540) mm, 
and junction between esophagus and intestine 0.284 (0.280) mm from anterior 
end. Anus 0.221 (0.210) mm from posterior end. Posterior end of body turns 
ventrally and ends in three or four lobes, with two lateral, and a central lobe 
which may be completely or only partially divided. 

Microfilarae : 250 ± 5 microns long, 3.5 microns wide. Head rounded, 
cephalic space 3 microns long. Distance of anatomical points from anterior 
end expressed as percentage of entire length of microfilaria: nerve ring 20.0; 
excretory pore 24.8; excretory cell 28.9; rectal cells, Gj 60.5, G 2 62.8, G 3 67.2, 
G 4 69.5; anal pore 70.9. Tail ending in S-shaped curve, tapering to a fine 
point ,tip of last curve free of nuclei. Present in peripheral and heart blood. 


*This dipetiilonematid has been named lor the late Leonard Llewellyn of the Patuxent 
Wildlife Research Center without whose able assistance this paper would never have been 
possible. 

**The laboratories of the Fish and Wildlife Service, Department of the Interior at Laurel, 
Maryla nd. 
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Host: Sciurus carolincnsis Gmelin. 

Location : Subcutaneous connective tissue and intermuscular fascia. 
Type Locality: Le Conte State Game Refuge, Vienna, Maryland. 
Holotype and Allotype: U.S.N.M. Helm. Coll. No. 39482. 

Paratypes: (2 males and 3 females) U.S.N.M. Helm. Coll. No. 39483. 


0.05 mm 



Plate I 

Dipctalomma interstitium n. sp. Diagrams of adult parasites: 

Pig. 1. Right lateral view of anterior end of female. 

Fig. 2. En face view of female. 

Fig. 3. Loft lateral view of posterior end of female. 

Fig. 4. Off ventral view of posterior end of male. 

Fig. o. Right lateral view of posterior end of male. 

Fig. 6. Right lateral view of vulva and vagina of female. 

Abbreviations: a, anus; am, amphid; ap, anal papilla; ep, cephalic papilla; 
e, esophagus; ep, excretory pore; i, intestine; ip, interlateral papilla; Ip, lateral 
papilla; Is, left spicule; m, mouth; nr, nerve ring; o, ovary; rs, right spicule; 
u, uterus; v, vulva; va, vagina. 

(Figures drawn with the aid of a microviewscope) 
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Distribution : Le Conte State Game Refuge, Vienna, Maryland and 
possibly National Zoological Gardens, Washington, D.C. 

Diagnosis : A Dipetalonema having microfilariae about 250 microns long, 
tail ending in S-shaped curve, tapering to fine point, last curve free of nuclei. 
Male extremely small, having four pairs of papillae lateral to anus and 
longitudinal markings in tip of tail. Female averaging about 66 mm long 
with caudal tip of female ending in three or four lobes. This combination of 
characters is diagnostic for Dipetalonema inlerstitimn. 

Dipetalonema lleu'elhjni n. sp. 

Description: Ouchocercidae (Leiper, 1911); Onehocereinae Lei per,. 1911; 
genus Dipetalonema Diesing, 1861. Head slightly enlarged and rounded with 
outer circle of eight cephalic papillae and two small interlateral papillae 
just inside of amphids. Amphid opening slit-like. Cuticle finely striated. 
Esophagus not divided, junction between esophagus and intestine indistinct. 
Microfilaria unsheathed and found in blood of host. 

Male (holotype) : 34.66 (42.00) mm long. Lateral width: at nerve ring 
0.039 (0.042) mm, of head 0.045 (0.048) mm, at excretory pore 0.053 (0.065) 
mm, and at anus 0.033 (0.038) mm. Nerve ring 0.098 (0.110) mm. excretory 
pore 0.263 (0.290) mm, and junction between esophagus and intestine 0.295 
(0.310) mm from anterior end. Anus 0.123 (0.140) mm from posterior end. 
Posterior end coiled in about two turns. Caudal alae extremely narrow. Ten 
pairs of caudal papillae: 1 pair anterior to anus, 5 pairs adanal, 2 pairs just 
posterior to anus, 1 pair about midway between anus and posterior end of 
tail, and 1 pair near end of tail. Eight spicule 0.145 (0.158) mm long, left 
spicule 0.430 (0.440) mm long. Gubcrnaculum absent. Tip of tail flattened 
with longitudinal markings giving a superficial suggestion of a bursa. 

Female (allotype): 90.00 (92.00) mm long. Lateral width: at nerve ring 
0.079 (0.079) mm, of head 0.084 (0.084) mm, at excretory pore 0.087 (0.090) 
mm, at vulva 0.092 (0.120) mm, and at anus 0.045 (0.046) nun. Nerve ring 
0.174 (0.190) mm, excretory pore 0.343 (0.340) mm, vulva 0.750 (0.740) mm, 
and junction between esophagus and intestine 0.308 (0.310) mm from 
anterior end. Anus 0.229 (0.235) mm from posterior end. Posterior end of 
body turns ventrally and tip of tail ends in four lobes. 

Microfilaria : 290 ± 5 microns long, 2.5 microns in diameter. Distance of 
anatomical points from anterior end is expressed as percentage of the entire 
length of microfilaria: nerve ring 17.9; excretory pore 23.3; excretory cell 
25.0; rectal cells, G, 69.2, Go 77.1, G 3 78.3, G.* 80.0, anal pore 81.6. Tail 
ending in curve resembling delicate button-hook without nuclei. Present in 
2)eri]jheral and heart blood. 

Host: Pron/on lot or (Linnaeus). 

Location : Subcutaneous connective tissue and intermuscular fascia. 

Type Locality: Patuxent Wildlife Research Center, Laurel, Maryland. 

Holotype and Allotype: F.S.N.M. Helm. Coll. No. 39484. 

Paratypes : (1 male and 3 females) U.S.N.M. Helm. Coll. No. 39485. 

Distribution : Maryland. 

Diagnosis : A Dipetalonema with microfilariae about 290 microns long 
having tail ending in delicate button-hook curve without nuclei. Male extreme¬ 
ly small having five pairs of papillae lateral to anus; tip of tail flattened and 
having longitudinal marking. Female averaging about 90 mm long with 
caudal tip of female ending in four small lobes. This combination of char¬ 
acters is diagnostic for Dipetalonema lleu'elhjni. 
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Discussion 

The adults of these two species of T)ipetalonema are very similar in 
structure. In the males the spicules and arrangement of caudal papillae 
are almost the same, the only obvious difference other than size being the 
number of pairs of papillae lateral to the anus, D. interstitium having four 



Plate III 

Dipetalojicma llewellyni n. sp. Diagrams of adult parasites: 

Fig. 1. Right lateral view of anterior end of female. 

Fig. 2. Right lateral view of anterior end of female showing vulva and vagina. 
Fig. 3. En face view of female. 

Fig. 4. Left lateral view of posterior end of male. 

Fig. 5. Right lateral view of vulva and vagina of female. 

Fig. 6. Off ventral view of posterior end of male. 

Fig. 7. Right lateral view of posterior end of female. 
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and D. llewclhjni having five. Thu only obvious difference between the females 
of these two species is size although the microfilariae removed from the 
uterus of one species of female can be differentiated from those of the other 
species. Sandground (1933), referring to the differentiation of adults of the 
genus Dirofilaria, remarks, “size relationships are cited as the chief criterion 
upon which most species are presumptively distinguished.” Price (1959) 
used size along with the microfilaria to differentiate the females of D. 
magnilarvatum from those of another species found in Macaca irus. In the 
present paper there is also a difference in size which is more apparent in the 
females. 

The morphology of the microfilaria of T). llewellyni from all of the infected 
raccoons examined was the same. Microfilariae were removed from several 
living females of this species to make certain that microfilariae from the 
adult females were the same as those seen in the blood of the host and that 
no other species of filaroids were involved. A similar procedure was followed 
in the case of D. int erst ilium in the squirrel. Since the microfilariae from the 
two hosts were constantly different in morphology, one from another, they 
could not have arisen from the same species of female Dipctalonema. The 
morphological differences were best seen in a modified Knott’s concentration 
as described by Herman and Price (1955). 

Another parasite of the same genus, T). procyonis , was reported by Price 
(1955) from the raccoon. This species is sufficiently different in structure so 
that it would not be confused with the presently described species. 

Sum mary 

Dipctalonema interstitiam n. sp., infecting the subcutaneous connective 
tissue and intermuscular fascia of Siiurus cart Millennia, and Dipctalonema 
llewclhjni n. sp., infecting the subcutaneous connective tissue and inter¬ 
muscular fascia of Procyon lotor, are described from Maryland. The similarity 
of these two species and the necessity of using the microfilaria in diagnosis 
are discussed. 



Plate IT Dipctalonema interstitium n. sp. Microfilaria. 
Plato IV Dipctalonema llewellyni n. sp. Microfilaria. 
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On the Identification of the Cercaria of Cotylurus brevis 
Dubois and Rausch, 1950, (Trematoda: Strigeida) and 
Genitalia of the Adult 

P. Nasir* 

In a previous publication (see Nasir, 1960) a fureoeercaria found in 
Lymnaea stagnalis from Edgbaston Pool, near the University of Birmingham, 
England, was proved to be identical with Cercaria Helvetica XXXIV Dubois, 
1934 occurring n L. stagnalis in Neuchfitel, and experimentally connected 
with the already known adult Cotylurus brevis Dubois & Raeseh, 1950. A 
comparative account of related species of cereariae and details of the genitalia 
of adult were omitted which are presented in this paper. 

Discussion of related cercariae 

From the works of Mathias (1925) Szidat (1924; 1929A) Van Haitsma 
(1931) and Harper (1931) it may be deduced that the cercarial stages of 
species belonging to the genus Cotylurus, Szidat, 1928, are characterized by 
the presence of two pairs of penetration glands anterolateral to the ventral 
sucker, esophagus bifurcating either immediately anterior to the ventral 
sucker or far in front of it, the ventral sucker with an armature of spines, an 
excretory commissure anterior to the ventral sucker, and the number of 
flame cells, seven or ten pairs. However, an exception is met with in the 
cercaria of Cotylurus communis (Hughes, 1928) LaRue, 1932, synonyms 
Strigea michiganensis La Rue (1927) in Van Haitsma, 1930 and Cotylurus 
michiganensis (La Rue) in Van Haitsma, 1930, part of the life cycle of which 
has been described by Van Haitsma (1930). He describes the cercaria as pos¬ 
sessing three pairs of penetration glands posterior to the ventral sucker and 
eight pairs of flame cells, six in body and tw r o in tail stem. Van Ilaitsma’s 
conclusions have been challenged by Szidat (1931) who asserted that the 
position of the penetration glands is of generic importance, and their location 
i.e., behind the ventral sucker is characteristic of cercariae belonging to the 
adult genus Diplostomum. Dubois (1938) also agrees with Szidat while 
Olivier and Cort (1942), as a result of experimental reinvestigation of the 
life cycle of C. communis, concluded that the cercaria which Van Haitsma 
assumed to be the larva of C. communis develops into a iliplostomulum stage 
in the eyes of fish and therefore “it can have no relationship to the life cycle 
of C. communis since the metacercaria of this species is a tetracotyle found 
around the hearts of fishes.” 

*Department of Zoology and comparative Physiology, the University, Birmingham, 
England. 

Present address: Parasitology Laboratory. AVavne State Universitv, Detroit, Michigan, 
U. S. A. 
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The above cited characters lmve been regarded as of generic importance. 
Certain other characters have been used for the specific determination: the 
location of penetration gland cells and anterior excretory eommisure in 
relation to ventral sucker, the total number of flame cells, the presence or 
absence of forward pointing spines, the number of rows of acetabular spines 
and the position of esophageal bifurcation. In addition body size has been 
shown conclusively by Olivier and Cort (1941) to be of significance in 
separating the cercaria of Cotylurus flab dli form is from Cercaria- douglasi. 
Dubois (1934) has already emphasized the importance of esophageal length 
and the same author has used the number of rows of acetabular spines for 
the identification of Cercaria Helvetica XXXIV Dubois, 1934 (= cercaria of 
Cotylurus brevis). Rees (1957) has not only made use of the rows and of 
the number of spines in each row on the ventral sucker but also of the 
arrangement of body spines for characterization of the cercaria of Diplo- 
stomum plioxini (Faust). My observations show that it is not only the 
length of esophagus that matters hut also whether or not the. course of 
intestinal ceca is tortuous. It seems most likely that the “unpigmented eye 
spots” are characteristic of all cercariae belonging to the adult genus Coty¬ 
lurus and in those forms where their presence has not been recorded it is 
possible that they might have been overlooked. 

There are six other related cercariae about which sufficient structural or 
developmental details are known to render a detailed comparison with cercaria 
of Cotylurus brevis worthwhile: Cercaria douglasi (Cort, 1917) Olivier and 
Cort (1941) from Physa spp; cercaria of Cotylurus flabelliformis (Faust, 
1917) Cort and Brooks (1928) Olivier and Cort (1941) from varieties of 
L. stagnidis; Cercaria A Szidat, 1924, Dubois (1929), Wesenberg-Lund (1934) 
“ the larvae of Cotylurus cantatas (Rudolphi, 1808) in Szidat (1928; 1929B) 
from L. stagnidis and L. palastris; Cercaria saujuanensis Miller, H. M. Jr., 
1927 from L. stagnidis£ Cercaria herghei Fain, 1953 from Biomphidaria 
ale.randrina tanganyicensis and B. A. pfeifferi; and Cercaria tetragUvidis 
lies, 1959 from Blattorbis corneas. 

The cercaria of Cotylurus brevis is distinguished from Cercaria douglasi by 
its larger size and by the fact that tin* tail stem in the former is always 
longer than the body while in tin 1 latter it is shorter than the body. Besides 
there are “several irregular rows of thin elongated spines” on the ventral 
sucker in Cercaria douglasi while in the cercaria of Cotylurus brevis there 
are only three rows of acetabular spines; in the former the excretory 
commissure lies immediately anterior to the ventral sucker whereas in the 
latter it lies at a considerable distance anterior to the ventral sucker at about 
the level of unpigmented eye spots; moreover, although the esophagus in 
Cercaria douglasi bifurcates about halfway between pharynx and ventral 
sucker, is quite long and intestinal ceca show only slight indentations and 
these too only in the postacetabular region. 

Cercaria A and the cercaria of Cotylurus flabelliformis are read v separated 
from the cercaria of C. brevis hv the position of esophageal bifurcation; in 
the cercaria of C. brevis tin 1 esophagus divides about halfway between the oral 
and ventral suckers but in the cercariae of C. cornutus and C. flabillifonnis it 
bifurcates only slightly anterior to the ventral sucker. 

The penetration gland cells in Cercaria saujuanensis are characteristically 
arranged between the esophageal bifurcation and the ventral sucker but no 
such arrangement ever occurs in the cercaria of C. brevis where one of the 
pairs is mostly on one side of the median segittal plane of the body or the 
anterior glands of both side's may partially overlap. Moreover, “the alimen- 
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tary canal” in C. sanjuanensis “is of narrow calibre throughout its entire 
extent” and the “long esophagus” divides just at the level of the penetration 
glands, although a considerable distance in front of the ventral sucker; in 
cercaria of Cotglurus brevis esophagus is short and the intestinal ceca have 
a peculiar sinuous course broadening posteriorly. Dubois (1929) has ex¬ 
pressed doubt as to the validity of C. san juanensis and considers it “seemingly 
identical with Cercaria A” which develops into Cotglurus cornutus, a distinct 
species from C. brevis. 

Cercaria berghei from the Belgian Congo has about the same number of 
caudal bodies, i.e. 12 (in cercaria of C. brevis from 12-16) but they differ 
substantially in other points: in C. berghei the digestive tract traverses a 
sinuous course only in the esophageal region but in the cercaria of C. brevis 
the intestinal ceca along their entire extent are characteristically sinuous; 
moreover C. berghei is a smaller species, especially the furcal rami. 

In 1958 the author had an opportunity to examine the living specimens 
of Cercaria tetraglandis but could not make out any other differences excepting 
the biological ones (see Nasir, 1960) from the cercaria of Cotglurus brevis. 
However, from the published account C. tetraglandis is very definitely a 
distinct species from cercaria of C. brevis: C. tetraglandis is considerably a 
smaller form and its prepharynx and esophagus are twice as long; moreover 
it has eight penetration spines in contrast with twenty spines in cercaria of 
C. brevis. 

Genitalia op Cotglurus brevis 

Dubois and Rausch (1950) gave a sufficient detail of various organ 
systems of adult Cotglurus brevis, however, they did not include the genital 
system which is described in this paper. 

Male genital system: Testes (fig. 1-2) median, tandem and occupy 
position in second and third quarters of hind body; however, this disposition 
is not a constant feature, depending on state of contraction of hind body. 
Posterior testis bulkier than anterior testis of same individual. Both testes 
deeply cleft into three posteriorly directed lobes. Because of great variations 
in shape of testes due to folding of lobes representative measurement rather 
unreliable. 

Origin of vasa efferentia and their ultimate union to form seminal reser¬ 
voir (from which common vas deferens emerges) was satisfactorily established 
only from a number of sections passing through different planes of body. 
Part of vas efferens overlying corresponding testis from which it arises 
usually free from sperms and therefore difficult to observe. 

Anterior vas efferens (fig. 2) arises from the mid-ventral surface of 
anterior testis and runs obliquely anteriorly as far as middle of anterior 
border of testis; just anterior to testis uniting with vas efferens from 
posterior testis to form “seminal reservoir” markedly dilated with contained 
sperms. 

Common vas deferens, on leaving seminal reservoir, curves around ventral 
surface of anterior testis, running nearly parallel with vas efferens from 
posterior testis. At antero-ventral border of posterior testis vas deferens 
passes between lobes of this organ. Along postero-ventral border of posterior 
testis dilating into large seminal vesicle, greater part is posterior to posterior 
testis; seminal vesicle at its distal end bends towards dorsal surface of body 
where it narrows rather abruptly and enters globular ejaculatory pouch. 

Ejaculatory pouch furnished with thick muscular walls. Narrow slightly 
coiled ejaculatory duct arises ventrally from near posterior region of ejacula¬ 
tory pouch and opens into genital atrium dorsal to uterine orifice. 
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Female genital system: Transversely elongate ovary (fig. 1, 3) median 
and lies dorsal to and anterior to anterior testis; posterior part of ovary 
partly overlaps anterior part of testis. Oviduct on leaving posterior side of 
ovary immediately thrown into a vertical fold and at this point Laurer’s 
canal leaves it. Laurer’s canal for some distance runs parallel and dorsal 
to oviduct, then turns obliquely dorsally and eventually opens exteriorly on 
dorsal surface of hind body at a point level with posterior border of anterior 
testis. 

Oviduct passes ventrally between testes and receives common vitelline duct 



Seale equals 0.2 mm. 

Fig. 1. General anatomy of adult Cotylurus brevis. 

Fig. 2. Reconstruction of male genitalia, seen from right side. 

Fig. 3. Reconstruction of female genitalia, seen from right side. 

Au—ascending limb of uterus; Cgp—common genital pore; Ovd—common 
vitelline duct; Cvr—common vitelline reservoir; Du—descending limb of uterus; 
Ed—ejaculatory duct; Epo—ejaculatory pouch; Fgp—female genital pore; 
Gat—genital atrium; Lc—Laurer’s canal; Lhf—lips of holdfast organ; Mg— 
Mehlis gland; Mgp—male genital pore; 0—ovary; Od—oviduct; Of—opening 
of forebody; Oo—Ootype; Sr—seminal reservoir; Sv—seminal vesicle; Te— 
testis; Tsp—tongue-shaped process; Tvd—transverse vitelline duct; Yd—vas 
deferens; Ye—vas efferens; Yg—vitelline glands. 
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before bending dorsally again to enter spindle-shaped ootype. In transverse 
sections ootype -wall strongly corrugated and receives numerous ducts from 
surrounding Mehlis gland. 

Uterus arises from dorsal end of ootype and after running dorsally for 
some distance bends ventrally again as far as postero-ventral border of 
anterior testis; from this point it continues ventral to anterior testis as 
ascending limb of uterus. Anterior to ovary uterus curves ventrally and runs 
towards posterior end of body as descending limb of uterus until it opens in 
genital atrium. 

Vitelline follicles occupy ventral half of hind body excepting extreme 
posterior region occupied by bursa copulatrix. Follicles confined entirely to 
hind body and never project into forebody. Dubois and Rausch (1950) 
observed presence of “crown of follicles” in forebody of Cotylurus brevis 
but they considered this presence of vitelline glands in forebody as an “aber¬ 
rant disposition.” Common vitelline reservoir generally larger than ovary 
and greater part of it left of Mehlis’ gland. Transverse vitelline ducts pass 
one on either side of descending limb of uterus and enter common vitelline 
reservoir on ventral side. Common vitelline duct on leaving dorsal end of 
vitelline reservoir descends ventrally entering oviduct. 

Summary 

A detailed comparative study of the eercaria of Cotylurus brevis has been 
made with six other related eereariae and genital system of the adult is 
described. 
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A Redescription of the Oocysts of Eimeria ahsata lioness, 1942, 
From the Domestic Sheep 

Norman D. Levine, Virginia Ivens, Wildard N. Smith 
and Leonard Reid Davis 

College of Veterinary Medicine and Agricultural Experiment Station, 
University of Illinois, Urbana, Illinois 
and Regional Animal Disease Research Laboratory, 

Agricultural Research Service, United States Department of Agriculture, 
Auburn, Alabama 

Eimeria ahsata was first described by Honess (1942) from the Rocky 
Mountain bighorn sheep ( Ovis canadensis) and the domestic sheep ( Ovis 
aries) in Wyoming. He used the spelling ah-sa-ta , but the hyphens are 
omitted here in accordance with the International Code of Zoological Nomen¬ 
clature. Rysavy (1954) reported E. ahsata in the domestic sheep, Ovis musi- 
mon and Capra sibirica in Czechoslovakia. Smith, Davis and Bowman (196) 
and Smith and Davis (1961) found it in domestic sheep in Alabama and in 
flocks which had been imported into Alabama from Montana and other 
western states. Their identification was confirmed by Honess. 

Complete descriptions of the sporulated oocysts were given in none of the 
above reports, and the purpose of the present paper is to do so. The oocysts 
described herein were from experimentally infected sheep in Alabama. They 
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were examined with a Leitz Ortholux microscope equipped with apochromatic 
objectives. 

Eimeria ahsata Honess, 1942 

Description : Oocysts (Fig. 1) ellipsoidal to somewhat ovoid, slightly 
flattened at the micropylar end, which is almost always the smaller one. Fifty 
sporulated oocysts measured 36 to 44 by 22 to 29 microns with a mean of 
40 by 26 microns; their length-width ratios ranged from 1.2 to 1.7 with a 
mean of 1.5. Oocyst wall smooth, lavender to pinkish yellow, composed of 
two layers 0.9 to 1.3 microns in total thickness. The intact oocysts often 
appeared to have colorless outer layer 0.4 microns thick, but no evidence of 
such a layer could be seen in crushed oocysts, and its appearance was probably 
an optical illusion. The true outer layer accounts for almost the whole thick¬ 
ness of the wall. In intact oocysts the inner layer appears simply as a dark 
line on the inner surface of the wall, and may sometimes be. somewhat 
wrinkled at the micropylar end. In crushed oocysts, however, the inner layer 
can be seen as a distinct membrane separate from the outer wall. Micropyle 
present. Micropylar cap present, dome-shaped; the micropylar caps of 44 
sporulated oocysts ranged from 0.4 to 4 microns high by 7 to 11 microns 
wide with a mean of 2 by 9 microns. One or occasionally more oocyst polar 
granules ordinarily present; among 50 sporulated oocysts, a single polar 
granule was seen in 44, two polar granules in 2, three polar granules in 1, and 
none in 3. Oocyst residuum absent. Sporocysts elongate ovoid, rounded at 
both ends, with one end somewhat broader than the other. Stieda body 
absent. Fifty-three sporocysts measured 18 to 20 by 7 to 10 microns with a 
mean of 18 by 9 microns; their length-width ratios ranged from 1.8 to 2.7 
with a mean of 2.0. Sporocyst residuum present. Sporozoites elongate, lying 
head to tail in sporocysts. One to three clear globules present in sporozoites. 



Fig. 1. Sporulated oocyst of Eimeria ahsata from the domestic sheep. 
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Discussion 

The oocysts described above are similar to those originally described by 
Honess (1942) except that they are slightly larger. He reported measure¬ 
ments of 29 to 37 by 17 to 28 microns with a mean of 33 by 23 microns in 
the domestic sheep, and 30 to 40 by 20 to 30 microns with a mean of 33 by 24 
microns in the bighorn sheep. He stated that a residual mass of protoplasm 
half the diameter of a sporocyst was present in some oocysts; we found none 
such. Honess did not describe the sporocysts except to give their average 
dimensions (15.4 hv 7.8 microns), and this only in the bighorn sheep; in his 
photomicrograph they appeared elongate ovoid like ours; he stated that the 
presence or absence of a Stieda body could not be determined. 

Smith and Davis (1961) gave a photomicrograph of a sporulated oocyst 
of E. ahsata of the same provenance as ours; it did not differ markedly in 
appearance from that of Honess. 

The oocysts of E. ahsata described by Rysavy (1954) from Oris aries , 
Oris musimon and Capra sibirica in Czechoslovakia measured 27 to 40 by 
20 to 29 microns with a mean of 34 by 27 microns; their length-width ratios 
ranged from 1.1 to 1.5 with a mean of 1.3. They were broadly ovoid to almost 
spherical (illustrated as ovoid to almost broadly ellipsoidal), with a clear, 
thin, smooth, transparent light wall. A micropyle and micropylar cap were 
present, the cap being 2 to 3 microns high and 5.7 microns wide. The 
sporocysts were oval and measured 9 to 11 by 5 to 8 microns. There was a 
small sporocyst residuum. Nothing was said about an oocyst polar granule or 
oocyst residuum. 

Rysavy’s description agrees in general with that of E. ahsata except that 
the sporocysts of his form are much smaller. In addition, he did not tell 
whether his description was based on oocysts from one, two or all three host 
species. It is impossible to he certain, therefore, whether the coccidia which 
he called E. ahsata actually belonged to this species. 

E. ahsata is one of a group of ovine coccidia of what might be called the 
arloingi type. The oocysts in this group have a cap over the micropyle, a 
colorless to brownish yellow wall, and are up to about 44 microns long. 
Included in this group are E. crandallis Honess, 1942, which has relatively 
small, ellipsodal oocysts; E. arloingi (Marotel, 1905) Martin, 1909, which has 
medium-sized, ellipsoidal oocysts; E. granulosa Christensen, 1938, which has 
medium-sized, urn-shaped oocysts; E. punctata Landers, 1955, which has 
small, subspherical, pitted oocysts; and E. ahsata, which has relatively large, 
ellipsoidal oocysts. Some workers have doubted whether the separation of all 
these species is justified. Lotze (1953), for instance, questioned whether there 
was more than one species with oocysts of the arloingi type n sheep and 
goats, and said that further studies were necessary to determine the status 
of E. ahsata and E. crandallis. 

The oocyst length often given for E. arloingi is 17 to 42 microns; this is 
based on Christensen’s (1938) study, which was made before the recognition 
of E. ahsata and E. crandallis. However, Honess (1942) reported that the 
oocysts of E. crandallis are 17 to 23 microns long, those of E. arloingi are 
22 to 30 microns long, and those of E. ahsata from the domestic sheep are 
29 to 37 microns long. Levine, Ivens and Fritz (unpublished) found that the 
oocysts of E. arloingi from the goat (the original host) were 22 to 31 microns 
long. These later findings indicate that the coccidia in the upper part of 
Christensen’s range may have been actually E. ahsata and not E. arloingi. 

Further confirmation of the validity of this separation may he drawn from 
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reports on the pathogenicity of E. arloingi. Many workers consider this 
species to be highly pathogenic. Horton-Sniith (1958) summarized this view, 
stating, “Eimeria arloingi has been incriminated in several outbreaks of 
eoeeidiosis in Britain and it is likely that this species may be the chief cause 
of severe ovine eoeeidiosis in these islands. This view of the economic 

importance of E. arloingi is a widely held one among workers in eoeeidiosis 

outside this country, and mortality and deaths have been reported as resulting 
from heavy infestations.” 

On the other hand, Lotze (1952) found that E. arloingi was only moderate¬ 
ly pathogenic in 3-month-old lambs. No visible signs were produced by 

infections with 1 million oocysts or less. In lambs infected with 3 or 5 

million oocysts, the feces became soft on the 13th day and then returned to 
normal during the next 6 days; the health, general condition and weight gains 
of these animals were not affected. Severe diarrhea was produced with larger 
numbers of oocysts, but no lambs died even when given as many as 60 
million, altho one was killed in extremis. 

In comparison, Lotze (1954) found that as few as 50 thousand oocysts of 
E. ninal'ohlgafo'morae caused diarrhea and as few as 500 thousand oocysts 
caused death in lambs, and he produced dysentery in a 2-year-old sheep by 
feeding as few as 1 million oocysts. Finally, Smith and Davis (1961) found 
that up to 3 million oocysts of E. erandallis produced no noticeable harmful 
effects, but that as few as 100,000 oocysts of E. ahsata killed lambs less than 
15 weeks old. Under experimental conditions, E. ahsata is thus the most 
pathogenic ovine coceidium so far recognized, while E. arloingi is consider¬ 
ably less so. It is likely that most of the outbreaks of ovine eoeeidiosis 
ascribed to E. arloingi are actually due to E. ahsata. Indeed, the photomicro¬ 
graph of an “E. arloingi’' oocyst given by Horton-Sniith (1958) markedly 
resembles that of E. ahsata. 

Summary 

The oocysts of Eimeria ahsata from the domestic sheep are described in 
detail. They measure 36 to 44 by 22 to 29 microns with a mean of 40 by 26 
microns, have a micropyle with a dome-shaped micropylar cap, a double¬ 
layered wall and elongate ovoid sporoevsts measuring 18 to 20 by 7 to 10 
microns. Under experimental conditions, E. ahsata is much more pathogenic 
than E. arloingi, and many of the outbreaks of eoeeidiosis ascribed to the 
latter were possibly caused by E. ahsata. 
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Notes on the Dormancy of Anguina tritici (Steinbuch, 1799) 
Filipjev, 1936 under Constant Humidity 

Donald P. Limber* 

The experiments reported below were undertaken in 1940. The} 7 are the 
outgrowth of the writer’s (1938) experiments determining the weight of 
certain A. tritici larvae and the observation that the galls of this nematode! 
are highly hygroscopic. It was thought that the length of dormancy, or 
anabiosis, might be greatly affected by the degree and constancy of the 
humidity in which the larvae were stored. Fielding (1956) has reported 
survival of up to 100 percent of the larvae in galls after 28 years in storage. 
The present experiments are at the 21 year stage with indications that the 
larvae in two of the test environments may duplicate the period reported by 
Fielding. Their value, at this time, is in the evidence which they give con¬ 
cerning the conditions which favor longevity in this nematode. They also cast 
light on the discrepancy between Fielding’s report and the earlier published 
reports of Byars (1920), Goodey (1923), and a less well authenticated report 
by Needham cited by both Byars and Goodey. It should be added that the 
conditions under which these galls were stored would not be approached in 
nature except, perhaps, in some very dry climates. 

The wheat galls used were supplied by Dr. G. Steiner and were received 
in February 1940. They were from a West Virginia collection believed by 
the writer to be from the 1939 crop. This sample of mixed galls and wheat 
kernels was kept in a 250 cc widemouth bottle. It was loosely stoppered with 
a cork and the unused galls were kept as a control on the experiments 
reported. 

Galls embedded in paraffin and others sealed in nitrogen gas showed fewer 
viable larvae after two years than the control. The outstanding results were 
secured with larvae in galls sealed in glass tubes by fusing the ends of the 
tubes with heat. The tubes measured about 4 mm in inside diameter and 
averaged six inches in length. Six or more galls were placed in each tube but 
not such a number that any of the galls would be exposed to high heat when 
the open end was fused. All of the experiments shown in table 1 were 
started on March 12, 1940. The tubes were stored in the laboratory at 
Hoboken, N. J. at room temperatures. 

Tubes were opened in 1961 and two galls from each were placed in about 
2 cc of water in glass dishes. They were examined periodically thereafter. 


Table 1. Anabiosis in Anguina tritici, second stage larvae, as influenced by constant 

low moisture content. 


Environment 

All galls in glass tubes. 

1952 

Dates checked 
1957 

1961 

Ends of tubes plugged with cotton. 
Ends of tubes fused, galls not dried. 

dead 

alive 

alive 

Maximum 

Active 

7 4 r /r 

Ends of tubes fused, galls dried for 

5 minutes at 70-80°C. 

alive 

alive 

90 </, 

Ends of tubes fused, galls dried for 

15 minutes at 70-80°C. 

alive 

alive 

0 

Ends of tubes fused, galls dried for 

15 minutes at 70-80°C., a few flakes 
of CaCh covered by cotton plugs 
beneath galls. 

alive 

alive 

8 larvae 

* Plant Quarantine Division, A.R.S., U.S. 

Department of A 

griculture, Iloboki 

•n, New Jersey. 
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The first evidence of activity was usually seen about 24 hours after moistening. 
The number of active larvae is recorded in table 1 as a percentage. However, 
this is not necessarily a full measure of those alive since Fielding (1951) has 
demonstrated that some inactive larvae may still be alive. 

That the larvae which became active were in a robust physical condition 
is indicated by the length of time they remained active without an external 
food source. Of those not dried before they were sealed in the fused tube 
12.9 percent were still active after 62 days in sterile water. Of those dried 
for 5 minutes 21.5 percent were still moving on the 53rd day in distilled water. 

The larvae in the unused portion of the sample were stored in the loosely 
stoppered widemouth bottle at room temperature. The bottle was opened 
occasionally. About 30 percent of the contained larvae were viable in 1942 
but all of them died sometime before 1950. 

The galls which Fielding studied were stored in a laboratory at Salt Lake 
City, Utah, in closed boxes according to Corder (1933). They were thus 
subjected to a dry climate in comparison with those with which Byars and 
Goodey worked. The writer’s stock sample in the widemouth bottle was sub¬ 
jected to variation in humidity. Thus the evidence seems to point to a positive 
correlation between longevity and a constant low humidity. 
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Presentation 

1961 Anniversary Award of the Helminthological 
Society of Washington 

October 20, 1961 

Recipient: Miss Mildred Ann Doss —Elected a member of the Helmin¬ 
thological Society January, 1939. Co-Principal Investigator, National 
Institutes of Health Research Project “Revision of Stiles and Hassall Tre- 
matoda,” Department of Zoology, University of Maryland; Collaborator, 
Beltsville Parasitological Laboratory, Animal Disease and Parasite Research 
Division, Agricultural Research Service, United States Department of Agri¬ 
culture. Formerly, Senior Parasitoiaxust, Usda (Retired). 

Academic and professional record: A. B. University of New Mexico, 
1925; B. L. S. University of Illinois, 1928; additional special training in 
numerous languages and zoology. Parasitological bibliographer and Parasitol¬ 
ogist In Charge of the Index—Catalogue of Medical and Veterinary Zoology, 
United States Department of Agriculture 1930 to 1961. Holder of Ives 
Scholarship, University of Mexico, 1924-1925. Elected to the Washington 
Academy of Science, 1950. Recipient of the Superior Service Award, USDA, 
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1953. One of 19,000 women honored by inclusion in “Who’s Who of Ameri¬ 
can Women.” 

Award citation : For outstanding and sustained accomplishments in para¬ 
sitological bibliographic work over a period of more than thirty years, and 
for being largely responsible for preparing and editing for publication, 
with minimal assistance, a second edition of the Author Section of the In¬ 
dex-Catalogue of Medical and Veterinary Zoology, consisting of 29 volumes, 
as well as maintaining five other Sections of the Catalogue which are as yet 
unpublished. Futhermore, for her continuous valuable assistance and service 
on bibliographic problems to members of this Society and parasitologists 
everywhere. 

Career highlights: Miss Doss began her work with the Index-Catalogue 
in the USDA in 1930 under the direction of Dr. Albert Hassall. She became 
a member of a team consisting of Dr. Hassall, Miss Margie Potter, Miss 
Marion Farr and Mrs. Gertrude B. Carson. This team initiated the project 
of republishing the Author Section of the Index-Catalogue, but Dr. Hassall 
retired in 1932 and Miss Potter died in 1936. At that time Part I of the 
new edition of about 142 pages was published and Part II had been edited 
for publication, but was not published until 1938. After Miss Potter’s death, 
Miss Doss was placed in charge of the Catalogue, a post she held for 25 
years until her recent retirement from the USDA. Because of her remarkable 
knowledge of foreign languages and her great enthusiasm and diligence, the 
following record was made in the publication of the Catalogue. Parts III 
to XVIII, which completed the list of authors through Z, were published 
in the years 1939 to 1952 and consisted of 5,000 pages and 139,000 citations. 
Since completing the new edition of the Author Section, 11 supplements have 
been published, which added about 3,500 pages and 100,000 citations. In 
addition to her work on the Author Section, she continuously kept up-to-date 
the other Sections of the Catalogue, i. e., The Parasite Catalogue, The Host 
Catalogue, the Antiparasitics Catalogue, The Citation Catalogue of Publica¬ 
tion, and the Checklist of Specific and Subspecific names. Although sub¬ 
stantial contributions to this work were made by other members of the BPL 
staff, Miss Doss was always the main driving force behind it. By way of 
emphasis on the enormous and complex task that confronted Miss Doss while 
serving as the prime bibliographer of parasitology, it should be noted that 
the information in the Index Catalogue was collected from more than 22.000 
different publications printed in 33 languages, and requires more than 2 mil¬ 
lion cards to record the data on about 150,000 human and animal parasites. 
This Catalogue enables trained persons to obtain any available published 
information on any known animal parasite in the world, on the diseases they 
cause, on their trasmission, intermediate hosts and/or vectors, on their medica¬ 
tion, and on the methods of control and eradication. 

In recent years, when much more emphasis has been given to the impor¬ 
tance of complete and accurate bibliographic work because of the rapidly 
increasing volume of scientific publications, the Index-Catalogue of Medical 
and Veterinary Zoology has often been cited as an outstanding example of the 
best kind of indexing for a highly complex field of science, and the best n 
biology. A large proportion of the credit for the excellence of this unique 
catalogue of scientific information goes to Miss Doss. As further testimony 
of her devotion to this important work, Miss Doss has traveled widely in 
Russia, Europe and Central America, incidentally at her own expense, and 
during these travels she has devoted much time to searching out additional 
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material not available in this country for inclusion in the Catalogue. 

Since her retirement from the USDA on June 30 this year, she has received 
a grant of funds for the purpose of continuing and broadening her important 
bibliographic work, with her immediate objective of preparing for publica¬ 
tion a revised catalogue on the Trematoda. This work will be done under the 
sponsorship of the Department of Zoology, University of Maryland, with 
Dr. George Anastos as Co-Principal Investigator, and in cooperation with 
the Index-Catalogue of Medical and Veterinary Zoology, Beltsville Parasi¬ 
tological Laboratory, USDA. — Awards Committee: A. L. Taylor, P. P. 
Weinstein, and K. C. Kates. 


IN MEMORIAM 

George Edward Cauthen 

March 5, 1900 - November 2, 1961 

Member, Helminthological Society of Washington since October 15, 1952 


Gotthold Steiner 


The Helminthological Society of Washington marks with deep regret the 
passing of Dr. Gotthold Steiner who died suddenly of a heart attack on 
August 21, 1961. For forty years he had been a distinguished and respected 
member. He was elected president in 1925 and was made a life member in 
1956. 

Dr. Steiner was born in Signau, Switzerland, on April 8, 1886. His 
higher education was at the Universities of Berne and Zurich. He received 
his doctor’s degree from the former institution in 1910, became Privat-Docent 
in 1918, and served on the teaching staff until 1921. By this time his research 
was beginning to receive wide recognition. His publications came to the 
attention of Dr. N. A. Cobb who was sufficiently impressed by them to in¬ 
duce Dr. Steiner to continue his career in the United States and who helped 
secure for him an appointment as Sessel Research Fellow at Yale University. 
After a year at Yale, during which he became a United States citizen, he 
was appointed Nematologist and Technologist in the U.S. Department of 
Agriculture and joined the staff of Dr. Cobb’s h ematology Laboratory on 

June 1, 1922. 

After Dr. Cobb’s death in 1932, Dr. Steiner succeeded him as Principal 
Nematologist in Charge, was promoted to the rank of Head Nematologist in 
1951, and was retired on April 30, 1956. He then went to Puerto Rico where 
he continued his career, until the time of his death, as Nematologist for the 
Agricultural Experiment Station at Rio Piedras. In recognition of his 
service to the U. S. Department of Agriculture, which eventually spanned 
a period of nearly 34 years, he received the Superior Service Award in 1948 
and the Distinguished Service Award in 1955. 
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Photograph by G. F. Weber, University sf Florida 

Gotthold Steiner 

April 8, 1886—August 21, 1961 

Hematologist, United States Department of Agriculture, 1922-56 
(In Charge 1932-1956) 

Member, Helminthological Society of Washington since 1922 
(President, 1925-26) 

Trustee, Brayton 11. Ramson Memorial Trust Fund, 1936-1956 
(Chairman, 1953-1956) 
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In breadth of training, interest, and experience in his chosen field, Dr. 
Steiner had few peers. The geographical broadening of his experience was 
begun before he came to the United States, by periods of study at the 
Zoological Stations in Naples, Italy; Cette, France; and Helgoland, Germany; 
and by identifying and describing nematodes collected by the German South 
Polar Expedition of 1901 to 1913. This broadening was continued by experi¬ 
ence in many other parts of the world including a trip to Brazil in 1951 and, 
finally, by his recent work in Puerto Rico. 

Dr. Steiner’s contributions, numbering some 195 publications, deal largely, 
though not exclusively, with freeliving nematodes, including marine, fresh 
water, and soil forms, and with the nematode parasites of plants and of 
invertebrate animals. It is difficult to select a few for special mention be¬ 
cause many are noteworthy. His two-part monograph wherein he described 
the nematodes collected by the German South Polar Expedition is a monu¬ 
mental work and one of several important contributions to our knowledge of 
the marine fauna. It is distinguished by superb drawings of the different 
species of Epsilonematidae. His studies on the morphology and classification 
of the Mermithidae, which resulted in numerous publications, were extensive 
and outstanding. He became one of the few who could make identifications 
in this taxonomically difficult group of invertebrate parasites. His publica¬ 
tion “Plant Nematodes the Grower Should Know” is one of the more impor¬ 
tant of his many contributions in the field of phytonematology. Appearing 
originally in the Proceedings of the Soil Science Society of Florida, it was 
republished as a bulletin by the Florida Department of Agriculture and be¬ 
came a valuable and much consulted source of information, especially in the 
South. 

Dr. Steiner began his work in the United States at a time when the nema¬ 
tode parasites of plants were receiving little attention. Dr. Cobh was 
engaged in a kind of crusade to convince his colleagues in the Department 
of Agriculture and elsewhere of the economic importance of these organisms 
but his efforts made little impression on a hard core of skepticism. Most 
leaders in agricultural research seemed convinced that, with perhaps a few 
exceptions, nematodes had no important effects on crop production. After Dr. 
Cobb’s death, Dr. Steiner took up the torch. He never faltered in his con¬ 
victions nor relinquished his efforts to gain proper recognition for what we 
now call phytonematology. 

That the importance of plant parasitic nematodes would be recognized 
eventually was inevitable; that the efforts of Cobb and Steiner had much 
effect in hastening the day seems doubtful. Events that finally brought the 
importance of these pests into prominence had a kind of “grass-roots” origin. 
During the early 1940’s nematieides became available that could be used on 
a field scale and that made it possible to demonstrate the increased yields 
that often result when these pests are controlled. Growers were impressed 
and began asking for information regarding control procedures that experi¬ 
ment stations could scarcely ignore. The statements and predictions of Cobb 
and Steiner took on new significance. 

Dr. Cobb never lived to see this change but it was Dr. Steiner’s good 
fortune to see his predictions come true and even his most extravagant claims 
vindicated. Prophets are not always without honor in their own country.— 
J. R. Christie. 
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